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PREFACE 



The lathe and drilling machines rank high among the basic machines 
used in the shop. They date back many centuries and afford great oppor- 
tunities for ingenuity in adapting them to a great variety of work. While 
only a limited number of examples of the kind of work which can be done 
can be given in this volume, it has been our aim to show the fundamental 
principles involved in operating each machine. With these thoroughly 
understood it is eaBy to adapt the machines to a variety of uses. 

Drilling is one of the most common of operations and yet many possi- 
bilities of greater efficiency of operation seem to have been overlooked. 
The shape of the cutting edges, clearance, lubrication, speed and feed are 
all important and should be studied carefully. 

Hand screw machines or turret lathes and automatic screw machines 
are an outgrowth of the engine lathe. Their uses are gradually being 
extended and it is necessary for any thorough mechanic at least to under- 
stand the principles involved. It has been our endeavor to make the 
operation of all these machines clear in every way. 

The Authors. 
New York, N. Y. 
June, 1922. 
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CHAPTER I 
A FUNDAMENTAL MACHINE 

The engine or screw-cutting lathe is generally considered to be the 
fundamental machine tool, the machine on which a good mechanic 
"can do almost any kind of a job which comes along. With the addition 
of a planer, a shop can handle practically any job of either flat or 
circular work. 

While an engine lathe is primarily for turning work held between 
centers or in a chuck of some kind, and for boring work which is either 
chucked or held on a faee plate, it can also be used for boring work 
which is bolted to the carriage, milling attachments of various kinds 
are made for it and many a drill press job has been handled on the 
lathe. 

In modern manufacturing, however, the lathe has very largely 
become a plain turning machine, and is used principally for roughing 
out work to be finished on the grinding machine. In many cases the 
lathe never cuts a thread as in former days, this being done on a 
thread miller or special threading lathe. 

In the small tool room, however, the lathe is still used in nearly 
all its capacities, and there are many shops doing jobbing or repair 
work where the lathe still maintains its old time importance, where 
the men who handle it must know how to handle any kind of work 
which comes along. But no matter how the lathe is used, the principles 
which underlie its operation should be thoroughly understood, 
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CHAPTER II 

WORK HELD BETWEEN CENTERS 

The centering of work may be divided into two parts — first locat- 
ing the center and then drilling and countersinking to fit the centers 
of the lathe. Several methods of locating the center are shown in 
Figs. 1 to 11. Some prefer to use chalk or soapstone on the end of 
the bar so that the marks will show more plainly. 




Figs. 1-5. — Centering the end of a bar. 

Fig. 1 shows the end of a round bar marked by taking a pair of 
calipers set with a little less than half the diameter of the bar, and 
marked as shown. It is then easy to locate the center with a punch, 
between these marks. Fig. 2 shows the same thing done with the 
caliper known as a "hermaphrodite," which has one regular caliper 
leg, and the other a divider leg. These are much used by some for 
laying out work of various kinds, but for most purposes the regular 
caliper with rather small points, will answer all purposes. Fig. 3 
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shows the markings when a little more than half the diameter is used, 
while in Pig. 4 the marking is from three points and with exactly half 
the diameter. Most mechanics prefer the open space in the center as 
there is apt to be a confusion of lines if the markings meet. 

Another method is to lay the bar on the bench with the end on a 
plate or even on a level spot in the bench, and place a lathe tool or 
other piece of steel against the end, so as to come a little above or 
below the center of the bar. Then the scriber is used to draw lines, 
as in Pig. 5, by turning the bar into three or four positions. 

The surface gage method, as indicated in Fig. 6, is very similar. 
The bar rests in a V block, although this is more of a convenience 
than a necessity, and both bar and surface gage rest'on a smooth sur- 
face of some kind, such as an iron bench. The marking is done by 
moving the surface gage scriber across the end, as indicated in the 
drawing. 

The "center square," either as a separate tool or in one of the 
combination sets, is another method and one that is quicker than any 
of those mentioned. Placed across the end of a round bar it allows 
a line to be drawn directly across the center, as shown in Fig. 7, 
without regard to the diameter of the bar, as will be seen from the 
smaller bars, indicated by dotted lines. Turning the bar or the center 
square part way around the end gives a mark across the first and 
locates the center where they cross. 

The centers of square or rectangular bars can also be found by 
calipers in the same way as indicated by Fig. 8. The center square 
does not work as well as calipers or dividers in this case, and should 
be kept for round work. 

The self-centering punch, shown in Fig. 9, is quite popular in many 
shops, and is a great time-saver, but should be used with a little eare. 
When held squarely over the end of a round bar, a blow on the punch 
will mark the center with fair accuracy. If it is not held squarely 
or the end of the bar is not square, the punch mark may be away 
off the center, as shown in Figs. 10 and 11. 

Another way that used to be more common than it is now that 
centering machines are used so much more than formerly, is shown 
in Figs. 12 and 13. A block of cast iron or machine steel is turned 
up and threaded to fit the screw plate of a 3-jawed universal chuck. 
This was bored or drilled true and a center punch turned up to fit with- 
out shake, or a good sliding fit. The block was then screwed into the 
chuck, and the piece to be centered gripped in the chuek, when a blow 
on the punch would locate the center, the same as the cone-shaped 
device shown in Pig. 9. 
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Forgings are often quite uneven, as shown with some exaggeration 
in Fig. 14. In such a case it is well to chalk the entire end, punch a 
very light mark at what seems to be the center, and try it with dividers 
until the circle drawn shows it to be about even on each side. If you 
make too deep a center-punch mark before getting it just right, you 




Figs. 6-15. — Centering 



can move it a little, either by holding the puncli at an angle, and 
forcing it over in the desired direction, or by using a "drawing chisel" 
like Fig. 15, which is simply a cold chisel with a small, round point. 
This will cut a small chip out of the punch mark on the side toward 
the center, then the center drill will start right. 
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CENTERING IN THE LATHE 

In some eases bars to be centered are gripped in a chuck in the 
lathe, the outer end supported and held true by a steady rest, and the 
center drilled by a drill or center drill carried in the tailstock of the 
lathe. Where there are many pieces of a kind to center, and no center- 
ing machine, this is a very good way. The steady-rest guides are set 
centrally for this size bar, the chuck is set so that the loosening of one 
jaw in a three-jawed chuck, or of two jaws in a four-jawed chuck, will 
release the bar, and allow another to be clamped in the same position. 
Universal chucks are also used for this work in which all jaws move 
to close or open on a piece of work. For centering they are, perhaps, 




. 16.— Using 



the handiest, but independent chucks can be used with success in the 
way indicated. 

Some use a hollow-cone center in the live spindle, as shown in 
Fig. 16, which drives the bar by friction, and also supports that end 
of it. The other is held by a "cutting" center, sometimes known as a 
square center, in the tail spindle. The bar is then revolved and the 
forked or Y centering tool, held in the tool-post, is forced against it 
until the end runs true, then the cutting center is forced in far enough 
to mark it plainly, and the work is done for that end. Reversing the 
bar enables the other end to be done in the same way. 

A little practice enables this to be done very rapidly, and the lathe 
need not be stopped until the whole lot is done, as the bars can be 
put in and taken out of the cone with it running as fast as necessary. 
This cone-driving chuck can also be used in combination with the 
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steady rest, but it is not as convenient ot as safe to handle with the 
lathe running as with the forked centering tool in the tool-post. 

Still another improvement, as to saving of time, on a lot of bars 
of the same size, is to put the hollow-cone center on the tail spindle, 
set the steady-rest guides in the correct position up near the head- 
stock, run the center drill in a drill chuck in the live spindle, and 
simply lay the bars into the steady rest and feed against the drill by 
the tail spindle. 

For centering short work held in a chuck, the lathe tool, shown in 
Fig. 17, is often used. This has what is practically a flat drill point, 
moved to the center of the piece and forced against it either by the 




cheap centering lathe. 



carriage or by the dead center bearing against the back end of the 
tool. This can be used in long work with the end supported by a 
steady rest or with a forked tool, as shown in Fig. 16. Some prefer 
it to the "cutting" center. 

IMPROVISED CENTERING MACHINE 

If there is no centering machine in the shop a very good substitute 
can be made of a small speed lathe, or it can be made removable if 
desired, so the lathe can be used for other things when not needed for 
this work, as illustrated in Fig. 18. 

Drill and tap into the head for the studs S S, in line with the spindle. 
Make the studs long enough to take the centering piece P and allow the 
drill chuck and center reamer behind it, and stiff enough to guide well 
and not be easily bent by accident, say % or % inch. 
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The centering piece P is a casting drilled to slide freely on the studs, 
and having a coned or bell-shaped mouth, with a small hole in the 
center through which the center drill comes into the piece to be centered. 
By beeping the hole as small as possible, small size rods can be centered 
in it. 

With a eup center in the tailstocb the bar is put in this center, and 
forced against the centering piece P. This centers it, and then slides 
back on the studs so the center drill can get to work. The springs 
return the centering piece on removal of work. Removing the nuts 
from the studs allows the centering piece to be taken off to change 
drills, etc. 

A GOOD CENTER REAMER 

After drilling the hole, there is nothing better than the half-round 
reamer, made by turning or grinding the end of a steel rod to a 
60-degree angle, and filing or milling one-half of it flat, as shown in 
Fig. 19. This is easy to make and does a good job. It is sharpened 
by grinding on the flat side. 

The drill, reamer, and countersink combination is shown in the end 
of a bar in Fig. 20. The object of the countersink is to enable you to 
face the end without interfering with the center. This combination 
is almost universally used. 

Five examples of how not to center a piece of work are shown in 
Figs. 21 to 25. Their defects are easily seen. Fig. 21 is too blunt an 
angle, 22 is too sharp, 23 has been made with a punch, and in 24 the 
reamer has gone in so far that the center does not reach the angle 
at all. 

SQUARE UP THE ENDS AND STRAIGHTEN 
Fig. 25 is reamed all right, but it should have been squared up 
before centering, by the eutting-off machine, the saw, by grinding, or 
even by filing. Facing this down with a side tool would cut away most 
of the center reaming, as shown by the dotted line. 

Another point to avoid is the centering of crooked work. Straighten 
the work first, and then center it. Fig. 26 is an exaggeration of what 
happens when the bar is centered first and straightened afterward. 
The centers have a poor bearing and wear rapidly. 

SIZES OF CENTER DRILLS 
The size of the center must depend largely upon the judgment. It 
should be large enough to hold the work firmly under the heaviest 
cut that wil! be taken, and yet small enough not to weaken the end 
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or be out of proportion to the finished diameter at the end. If it is 
tool steel and to be hardened, make the hole and the center as small 
as can be done with safety, not small enough to cut the center or 
prevent the piece being held steadily. A large center is more apt to 
cause cracking in hardening. 

In making arbors and work that is to be run frequently or for 
long periods on the centers, it is best to use as large centers as possible. 
For regular work, the following sizes are recommended by J. T. 
Slocomb : 



Tab.. 1.- 


Sizes of Lathe Centers to Work to be Turned 


Diameter of Work. 


Diameter of 


Diameter of 


Speed of Drill and 


Center Drill 


Countersink 


Countersink 


A 


A 


A 


2000 


1 


A 


A 


1700 


A to 1 


A 


j 


1600 


Ato i 


A 


A 


1500 


tttol 


A 


A 


1300 


1A to H 


A 


A 


1000 


lAtolJ 


A 


i 


900 


l&toH 


A tol 


A 


860 


l«to2 


1 


A 


800 


2A to 2J 


A 


% 


600 


2% to 3 


A 


A 


600 



In drilling the centers on a lot of similar pieces, it pays to be care- 
ful that the pieces are all as near the same exact length as possible 
and are centered to the same depth. This makes it much easier to turn 
the work to exact distances between shoulders. A little care will save 
time and work in future operations. 



THE LATHE CENTERS 

The days of plain round centers, with no means of removing from 
the spindle, have passed in most shops. 

Most centers now have squares or flats, so that a wrench can be 
used, and, with the hollow spindle, the rod for driving out the live 
center. The dead center is usually forced out by the screw in the 
tailstock, when it is run in all the way. But the square enables it to 
be taken out in any position. 

Some prefer a center made with a threaded nose and a nut, as 
shown in Pig. 27. This should have a fairly fine thread, say 18 to the 
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inch, to give a strong pull with little effort, as all that is needed is to 
start the center. 

"When a rod is used to drive the center out, the end of the center 
should be turned down and rounded so as to avoid its enlargement 
from the riveting action. 

HAVE TWO SETS OF CENTERS 

There should be at least two sets of centers, one for heavy work 

and one that is kept for fine turning. All centers arc now hardened. 

Particular attention should be paid to keeping the live center true, this 

being more important than the dead center. For if the dead center 




ioty of center holes and ct 



is an eighth of an inch out of line, it simply means that the work is 
held an eighth of an inch too high or too low, or the same amount to 
one side or the other, but it does not affect the roundness of the piece 
being turned, providing the live center is in line with it. If, however, 
the live center is an eighth of an inch out of true, the eenter of the work 
is carried around in a circle one-quarter inch in diameter, and this end 
of the work will be turned eccentric to that extent, gradually getting 
round as it approaches the dead center. 

This is the reason that grinding machines have the work run on 
dead centers at both ends, as it avoids all eccentricity due to the live 
center being out of true. 

It is best to keep the live-center spindles for use in that place only, 
and to be careful that both the hole and the center are wiped clean before 
putting them in place. 
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In most eases it is an advantage to mark the centers and the spindle 
so they can be put back the same way, although modern lathes are gen- 
erally accurate in this respect. Unless the screw and nut center is 
wanted, a very handy way is to make them out of a piece of octagon 
steel and leave the flats of the octagon to be handled by the wrench. 
This wastes less stock in turning up, and takes less time than using a 
square bar, as is often done. 

CENTERS FOR SPECIAL WORK 

A cutting center for centering work, as described elsewhere, is simply 
a center ground with a square point to act as a blunt reamer, Fig. 28. 
Needless to say, it cannot be too pointed or too sharp, as it dulls too 
(juiekly. 

This kind of a center is also used to drive small work by fitting 
into a square center, made in one end. This will not stand a very heavy 
cut, but is useful in some eases, such as turning valve disks having a 
stem on one end, similar to a gas-engine valve. 

Some prefer a three-sided center for cutting, especially on brass or 
softer metals, on account of the sharper cutting angles it presents. 

Some kinds of work, such as small taps, cannot have a center drilled 
m them, and instead have a point which fits into a female center, as shown 
in Fig. 29. This requires the work to be centered by pointing, before 
coming to the machine. 

A PIPE CENTER 

For holding such work as east or wrought-iron pipe, a large center 
is necessary, unless a cap is placed over the end and a center put in that. 
So a large cone center is made, with the angle varying according to the 
ideas of man in charge. For small pipe the regular 60 degrees is all 
right, but on larger work a 90-degree angle is better. 

Instead of having these solid and letting the' pipe turn on the center 
itself, it is customary to have the cone run loosely on the body of the 
spindle. The bearing is usually against a cone, so as to center it, but 
sometimes a ball-bearing is used, as indicated in Fig. 30 by the dotted 
lines. The pipe bears on the cone, which turns with it, and saves wear- 
ing a groove where the thin edge of the pipe comes. 

CENTERS FOR DRILLING 

When the lathe is used for drilling, as is usually the case in a small 
shop, some drilling center should be provided to hold the work against. 
A plain drilling pad is shown in Fig. 31 which is simply a flat-faced 
center, turned square with the spindle and having a recess or hole for 
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the drill to pass into. It is not a good plan to drill into the spindle itself 
on account of getting chips into it, and for this reason it is better not 
to have the hole in the drilling center go clear through. The outside 
diameter can be made to suit the work that is likely to come up. 

Fig. 32 shows a center that is extremely handy in drilling holes 
crosswise in round bars. The V should be carefully laid out and cut, 
so as to be exactly across the center line; otherwise it will not hold the 
work so as to drill in the center. This is especially useful to the tool- 
maker in the small shop who has to mortise boring bars by drilling, 
chipping, and filing. 



CHAPTER III 
DRIVING AND TURNING THE WORK 

Centered work is usually driven by a dog of some kind, the bent-tail 
dog being the most common. The only precaution is to be sure that the 
tail does not bind in the slot of the face plate, at either the sides or top 
or bottom, so as to draw the work off the live center, or prevent its seat- 
ing clearly and squarely, as in Pig. 33. 

If the piece to be turned happens to be a forging or casting, with a 
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wing or projection of any kind at the end next the face plate, a stud 
fastened to the face plate is the best way to drive it, as shown in Fig. 34. 

DIFFERENT KINDS OF DOGS 
Straight -tailed dogs are preferred by many, but with them it is 
necessary to use a stud on the face plate. Less trouble is likely to occur 
from cramping a piece of work when this style dog is used, but the bent- 
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tail is all right if you are careful about putting it. in place, and it is 
more convenient. 

Beside the forged or east-steel dogs in one piece, there are many 
uses for the two-piece dog, usually made from two pieces of flat stock, 
bent up by the blacksmith and drilled as shown in Fig. 35. In some 
cases one side, and occasionally both sides, will have a bent tail for 
driving, but they are often made straight and driven with one or two 
studs. 

PROTECTING WORK FROM DOGS 
On most work roughing cuts can be taken without regard to the 
screw marking the bar; but if only a little is to be removed it is best 




.38. — Methods' of driving work. 



to protect the bar by putting in a piece of iron or brass, as the screw 
point often makes a deep mark which does not come out with a light cut. 

Finished work should always be protected, and a piece of soft iron 
or hard brass, something like Fig. 36, is always handy to put under the 
screw. If there are many pieces of the same size to turn it may pay 
to make a cast-iron collar, like Fig. 37, and make a saw cut in one side 
of it. Any dog will clamp this on the work in good shape, and drive 
it without marking the finished part of the bar. 

The good workman fastens the dog on tight, sees that both centers 
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are free from dirt and chips, and puts a drop or two of oil in the dead- 
center hole or on the dead center itself, before he puts the work in the 
lathe. It should be tight enough to prevent end play, and yet turn 
freely, a good running fit. Never have the spindle out of the tailstock 
farther than is necessary. 

One of the best methods of insuring equal driving with a double 
straight-tailed dog is to use what is known as the equalizing face plate 
as shown in Fig. 38. This consists of an additional plate put on the 
regular face plate as shown and held to it by the two studs working 
in the slot in the outside plate. The lathe center comes through in the 




39.— Prof. Sweet's douUe -tailed Jog. 



usual way, and the outer plate is left loose enough to adjust itself, so 
that each of the driving studs A and B will bear with equal pressure 
on the two ends of the dogs. This insures an even driving pressure 
and avoids the tendency to crowd the work to one side, which is some- 
times found where the bent-tail dog is used, or even the single straight- 
tail. 

For heavy work it is generally conceded that a two-tailed dog is 
oetter as it drives from opposite points and avoids the tendency to cramp 
that was mentioned before. The late Professor John E. Sweet, one of 
the most practical of men, advocated the style of dog shown at Fig. 39. 
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TOOLS AND TURNING 
One of the disputed points in lathe work is the setting of the tool. 
A glance at Fig. 40 will show what happens with the tool point at the 
center, on the right, and above the center at the left. For ordinary work 
of fair diameter, over an inch, it is usually best to set the tool point 
slightly above the center, but for smaller work it is readily seen that it 
must be at the center to cut at all, at the small diameter. In taper work 
it must be at the center for good work, and in finishing a thread it is 
also necessary to set it at the center line if a correct shape of thread is 




. 40-43.— Setting the tool. 



ADJUSTING HEIGHT OF THE TOOL 
Most tool-posts have either the curved bloek, Fig. 41, or the stepped 
ring, Fig. 42. Some have a height-regulating device with one sleeve 
screwing into the other, and some lathes still have the elevating screw 
at the back, which raises or lowers the whole cross-slide. They are very 
handy in setting a tool, too, because you can fasten the tool first, and 
then adjust it for height afterward. All these tool-posts are handy, but 
they are also wabbly under a heavy cut, and the four-bolt tool-holder, 
similar to a planer, is the most substantial. Fig. 43 shows one adapted 
to go in a regular tool-block, in place of the other, when there is heavy 
work to be done. This has two bolts. 

AVOID OVERHANG FOR TOOLS 
Whichever style tool-post is used, set the tools with the cutting point 
as elose to it as possible. Do not stick it out so as to overhang the sup- 
port an eighth of an inch farther than is necessary. Every possible 
chance for spring should be avoided, so far as it can he done. The reason 



the new special lathes can remove so much stock is because they support 

the work and the tool so as to avoid the springing of either. 

TURNING THE WORK 

Unless the bar has been faced a little with the countersink, as in 
Fig. 44, the facing or side tool is the first to be used, so as to get the 
end square and have an equal bearing on the center. The usual side tool 
is shown in Fig. 45. Even with the countersinking, it is a good plan 
to face down to meet it, although if the work has come from a eutting- 
off machine or a cold saw this is probably unnecessary. 

The tools to use in turning this bar, the feeds, the depth of cut and 
the speed, all depend on the hardness of the material to be turned, the 
kind of tools used, the stiffness of the lathe, and the driving power of its 
belt. Calling the work machinery steel and the tools of a good grade 
of carbon steel, tempered in the usual manner, it is a good plan to start 
work with a tool something like Fig. 46. The lower view shows the 
cutting action. 

THE FIRST CUT 

Always take the first cut deep enough to get under the scale if it 
is a possible thing, as this saves the tool. For roughing the work, most 
mechanics prefer a deep cut and a fairly fine feed and reverse this in 
finishing, though in the old diamond-point days this would have been all 
wrong. Good finishing can be done with a broad-nose tool, with enough 
rake to cut freely, a rounding corner on the leading point, and a fairly 
coarse feed. 

Fig. 47 shows this at work. The depth of the finishing cut depends 
on a number of conditions, but if necessary quite a cut can be taken. 
The only object of the groove back of the cutting point is to allow grind- 
ing easily and still retain the top rake. The clearance in front should 
be slight. If a nice finish is wanted there is nothing better than a stream 
of water on the work, either plain or mixed with soda to prevent rusting. 

ONE OF THE HARDEST JOBS 
One of the hardest jobs on a lathe is to turn a bar exactly the same 
diameter from end to end. By carefully calipering the bar after the first 
cut, at points as far apart as possible, it is easy to see how nearly right 
it is, and to move the tailstock to correct any slight taper that may be 
found. 
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TURNING WORK WITH SHOULDERS OR COLLARS 

Most work has one or more shoulders, and several varying diameters, 
such as the har shown in Fig. 48. A fair allowance for finish on such 
work is y% inch in length and same in diameter to be reduced, for the 
largest part of the bar. As the lengths as well as the diameters are im- 
portant, one good plan is to lay off these shoulders as soon as the rough- 
ing cut has been taken. This can be done by drawing a chalk mark, the 




Figs. 44-48 and 50. — Pacing and turning. 



length of the bar, laying out the distances on this mark and scoring a 
line at each point with a sharp-pointed tool held in the tool-post. 

Shall the piece be faced to length, before cutting any shoulders, shall 
the facing be left till last, or shall one end be faced and the other left 
to be finished afterward? If both ends are faced the first thing, there 
is absolutely no leeway for a slight error in making a shoulder. But 
if by accident the tool cuts a little too deep at the first shoulder, there is 
still a chance for saving the piece by facing that end down to meet it. 
Of course such things should not be done, but they sometimes happen, 
and if it is possible to leave a loophole it is well to do so. 



FACING THE ENDS LAST 
Adopting the plan of facing the ends last, lay off the distances from 
the center, or, if from the ends, allow one-half the extra length of bar 
for facing- With these marks there is no excuse for not getting the 
job right, taking care not to undercut the shoulders so that, when you 
face them up square with a side tool, the collars will be too thin. The 
facing can best be done by feeding the side tool, or whatever you use, 
into or out from the center, so as to get it square, rather than to depend 
on setting the tool square. This is also a good plan in facing the ends 
and in almost all facing work. 

ANOTHER METHOD 

Another way of doing such a job is to use a eutting-off tool and cut 
grooves each side of the marks to about the depth needed to bring them 
down to the required diameter (see dotted lines, Pig. 48). Enough 
should be left for facing and finishing, as the eutting-off tool very seldom 
leaves the surface smooth enough for a finish. 

The accuracy of the work can be measured by a gage of sheet metal, 
if one is in the place, or by a rule, or with calipers. The odd-legged 
caliper is especially useful in this work, for all except the thickness of 
the collars. The regular calipers are best for this. 

SPRINGING OF WORK 
On work that is stiff enough to stand a good cut there is little dif- 
ficulty in making good time. The limit to the material removed is the 
ability of the tool to keep a fair cutting edge, which means that it must 
not get hot enough to start the temper, and the ability of the centers 
to hold the work and the belt to drive the lathe. The belt-driven feed 
for the carriage is a very good safety valve for the rate of feed. It 
will slip or come off entirely if the feed gets too much for it. If this 
happens after the work has been turned a short distance it probably 
indicates that the tool is dull, and can be remedied by reducing the feed 
or the depth of cut. With a geared feed the cutting edge of the tool 
must be looked after more closely, as the only safety valve is a lot of 
broken gear teeth. High speed steel tools stand high speeds, 

TURNING SLENDER WORK 
With long, slender work comes the necessity for care and judgment. 
Cuts must be lighter and the cutting edge keener, so as to spring the 
work as little as possible. A dull tool oftens springs the work to the 
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point where it climbs over the tool point, bends out of shape or breaks, 
and sometimes snaps the points off the lathe centers. Care on slender 
work will avoid this. Keeping the cutting point a little ahove the 
center will help in preventing this kind of an accident, out steadying 
devices should be supplied wherever possible. 
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Pro. 49.— Standard shapes of tools. 



SHAPES OF TOOLS 
Although there are now thousands of tool-holders in use with inserted 
tools, the solid tools still have a place, and in Fig. 49 we show what may 
perhaps may be called the standard shapes. The diamond point has 
given way to the side cutting tool, as in Pig. 46, for roughing, but is 
still used in many places. 



CUTTING SPEED 

Cutting speeds and feeds have changed greatly in the last few years, 
and this has been made possible, both by the introduction of high-speed 
steel and the lathes which have been designed to stand as heavy a cut 
as the tool itself. Whichever steel is being used it is a safe plan to run 
the lathe as fast as the tool will stand up without too frequent grindings, 
and then make the cut and feed all the lathe can stand. 

There is a lack of uniformity in shop practice in this respect, prob- 
ably due to the difference in material and conditions generally. Cast- 
ings, both iron and steel, affect tools very badly at times, due to sand 
in the scale and impurities in the iron itself, the highest cutting speeds 
being obtainable on low-earbon steel. 

Cutting speed for cast iron seems to vary from 30 to 60 feet per 
minute, one shop using a speed of 44 feet per minute, with a cut of % 
inch and a feed '/ a of an inch. With a tool % X l'/2 inches this was 
maintained for one hour without re-grinding and means the removal of 
330 pounds of cast iron per hour. This is for high-speed steel. 

On low carbon or machine steel this same shop uses a roughing speed 
of from 80 to 130 feet per minute and from 150 to 300 feet per minute 
for finishing cuts. Their records show from 4 to 15 pounds of metal 
removed per minute or from 240 to 900 pounds per hour. 

Other shops rarely get above 100 feet per minute, cutting speed, 
although in one ease 140 feet is used in finishing tool steel, but with a 
very light cut. One good-sized shop uses from 80 to 125 feet per min- 
ute for lathe work, with cuts ranging from Via to V-t i ncn an <i feeds 
from '/„, to y 32 inch per revolution of the work. 

In thread cutting as well as plain turning, the cutting speed has 
been very materially increased, until we find 90 feet a minute being used 
on long screws. 

These are simple guides that give 115 something to work by, although 
the conditions may make it impossible to secure the same results in all 
caBes. 



CHAPTER IV 
STEADY AND FOLLOWER RESTS AND FACE PLATE WORK 

For slender work that is liable to spring, the old diamond-point tool 
still holds its own. Most work of this kind can be helped by the use of 
a steady rest, when the part to be turned is at one end of the piece. 
The steady rest conies with every lathe, and has something the appear- 
ance shown at the left of Fig. 50. Some classes of work require this 
kind of a rest, such as long crank-shafts with several cranks, and other 
pieces. 

Occasionally it is necessary to turn a short place in the center or 
some other point of a long bar as best we can, so as to put the steady 
rest on a fairly round part of the work. 

BORING END OF BAR 
Another application is shown in skeleton in Fig. 51. Here is a bar 
which has been turned on eenters, and which is to have a hole bored 
in the end so as to be true with the outside of the bar. A dog or clamp 
' similar to A is put on, and the piece held between the centers, as before. 
The steady rest is adjusted at the outer end, as shown at B, but before 
the dead center can be removed so as to drill and bore this, we must 
fasten it to the face plate. Use a stud similar to C, for driving and hold- 
ing the dog A. This is put through the face plate from the back and 
clamped to it by the first nut. Then the dog is fastened between the 
third and fourth nuts, and in this way can be very nicely adjusted, so as 
to pull the work evenly toward the face plate, and drive it at the same 
time. "Washers should be used under each nut. Then the dead center 
can be removed, and the hole drilled, bored and threaded, as desired. 

FOLLOWER RESTS 

Some work is so slender, or the cut must be so deep in proportion to 
its diameter, that it is necessary to support it right over the point of 
the cutting tool. This means that it must be fastened to the carriage 
and move with it, so as to follow the cutting point, which gives it the 
name of follower rest. All lathes need them if small work is to be done, 
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but they are not always provided. The idea is made plain at the right 
in Fig. 50. 

The value of follower rests ean easily be seen by examining any of 
the new lathes which take heavy cuts. These all have heavy follow resta 
and in some cases rollers are used in them at the top and back of the bar. 

BUSHINGS IN FOLLOWER RESTS 
For some classes of work it is advisable to use a cast-iron bushing 
to follow or lead the tool, as A, Fig. 50. This can usually be used for 




Fig. 51. — Holding work to face-plate. 



square or flat top threading, as to have it fit after each cut would require 
reducing the bushing each time, and not be practical. And unless a 
follower or steady rest really supports the work, it is of little use. The 
bushings can be bolted to the follower rest in place of one of the regular 



FACE-PLATE WORK 

Face-plate work requires more care and thought on the part of the 
lathe men than most other kinds, and is mostly confined to job or repair 
work. "Where a piece that would ordinarily be done on the face plate 
is manufactured in fair-sized lots, a fixture is made and it usually goes 
to a boring-mill instead. But the face plate is still necessary and its use 
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is common on a large line of work. The face plate might be called a 
chuck with removable jaws, for the various clamps used take the place 
of chuck- jaws. 

Take a simple job, such as is shown on the face plate in Fig. 52. 
The problem is to face both sides of this casting square with each other, 
and then to bore the two holes in their right location, the correct distance 
apart. The plain side will be done first in this case, as then we can sift 
the work on the face plate to bore the smaller holes. 

TRUIMG THE FACE PLATE 
If there is any doubt as to the face plate running true, test it 
with a tool point or a marking gage of any kind. As it will be necessary 
to use a gage from time to time, it is just as well to use it for this and 
avoid the danger of marking up the face plate if it is true already. The 
plate does not need to be particularly smooth; in fact, it holds work 




better if it is not, but it should be true. Lathe indicators help in this 
work, as will be seen later. 

CLAMPING THE WORK 

Bent-tail clamps as shown in Fig. 53 are handiest to use, but straight 
pieces can be used and the outer end clamped down on to a nut or other 
piece of metal, as shown. It is handy to have the T-head bolts, as they 
can be put through the face plate, from the front, and a quarter turn 
gives them a grip. The work can sometimes be clamped best by put- 
ting the face plate on the bench and locating it as nearly as possible, 
giving the final adjustments after it is put on the lathe. This is to be 
decided by the man himself and the easiest way adopted. With a port- 
able crane or other hoisting device it can be handled from the bench 
to the lathe very easily. 

The first thing is to lay two or more parallel strips on the plate, so 
as to raise the work clear of the projecting rings, or "spigots," as they 



are sometimes called. Then arrange the clamps so as to put the strain 
on the flange as nearly over the strips as possible, and screw them down 
tight enough to prevent slipping when put in the lathe. "When the piece 
is swinging in the lathe, true it up by turning the lathe slowly and 
shifting on the face plate, generally by tapping with a soft hammer, 
until it runs true. This can be tested very closely with the eye after 
a little training, but a lathe tool or the marking gage run up near it 
will show exactly how it is running. When true, clamp solidly to the 
face plate and face it off with a round pointed tool, taking a cut that 
will get under the scale. Some prefer facing out from the center, others 
toward the center. The latter lets you see what you are doing a little 
better. 

SAVING A POOR CASTING 

It sometimes happens that the two faces of a casting like this will 
not be parallel, and that if all of the inequality is faced from one side 
the flange will be too thin. But if this is divided up between the two, 
the casting can be saved. In such a case block up a little under the low 
side of the easting and in this way divide up the error. 

Reversing the casting on the face plate, clamp the side already faced 
and turned so it will run true. This will be helped greatly by having 
circles scored on the face plate at regular intervals, such as ^ inch 
apart, similar to many chuck faces. It can be tested by the gage as 
before. Turning the outside of the smaller flange, shown uppermost on 
the face plate in Fig. 52, is an easy matter, and then comes the laying 
out of the two openings shown. 

LAYING OUT HOLES 
Drive in, lightly, pieces of wood across the holes and lay off the right 
distance between them. This gives the centers of the smaller holes. Lay 
these out with a pair of dividers so as to know how to set the work for 
turning and boring these. Loosen the clamps so that the work can be 
moved ; turn the face plate so that one opening will be over the other 
and the weight will help drop the easting to the point where the dead 
center will come in line with the center mark on the wooden block. Then 
clamp the work. To test it still further, put the gage in the tool post 
and see that it follows the circle marked by the dividers. If it does, the 
work is ready to face, bore and turn. Then shift to the other hole and 
machine that. 
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HANDLING SPECIAL JOBS 

It sometimes happens that a job comes along which cannot be handled 
by any ordinary methods or by the tools regularly used. Such a piece 
of work is shown in outline in Fig. 55. It was a lot of large cast-iron 
caps, 60 inches in diameter, which had to have a dovetail slot cut in them 
at a, in which rubber packing was to be forced to make a tight joint 
over a pipe. The largest face plate wasn't as big as this, but a bright 
machinist went to the blacksmith shop and had four pieces of iy 2 X Cl- 
inch iron bent into angles, as shown, drilled holes in them for wood 
screws at the short end and for bolts at the long end, and screwed on 
hardwood blocks B B B B (Pig. 54). Then he bored these a little tapcr- 




Fios. 54—55. — Holding large work. 

ing, to the size of the outside of the castings, and drove the rims in with 
a soft hammer till they were square. This held them true without any 
caution except to- drive them in until the face ran true, and held them 
firmly enough to take any cut that was necessary. Wooden blocks can 
often be used in similar cases and do good work, as they have consider- 
able elasticity and grip the work very tightly. 

ANGLE PLATES 
While many other examples of face-plate work might be given, these 
show the general plan to be followed, and any work of a similar char- 
acter can be handled as readily. Angle plates add to the range of work 
that can be done on the face plate, as indicated by Figs. 56 and 57, and 
there is no end to the variety of angle blocks and special blocking-up 
devices that will be found in shops handling a large variety of jobbing 
work. The machinist who can tackle the work as it comes in, and handle 
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it with the blocks, straps, and other "fixings" he finds on hand, is the 
one that is in demand. Angle plates are also made with a plate that can 
be shifted to any angle to the face plate and are very handy, although 
not as rigid as the solid plates. 





Figs, 5G-57.— Use of angle plates. 

BRIDLE FOR FACE-PLATE WORE 

Any one who has noticed the amount of time a lathe band consumes 
in the different machine shops looking for a bridle and two bolts of 
suitable length to bridle a shaft for any work on the head center will 
agree that more time is often lost in looking up these things than the 
work costs. Fig. 58 shows how to bridle work on the center without 




a. 58 FiQ. 58 

Figs. 58-60.— Using a belt laeo bridle. 



loss of time and no long hunt for bolts, bridle or packing washers. And 
when at times you forget and place your hand on the steady rest, there 
is no bolt to come around and take the bark off of your finger as is 
usual in work of a short length. 

Take a piece of strong belt lacing y 2 inch wide, about 38 inches long; 
place one end in right and one end in left hand as in Pig. 59. Place the 
end ¥ that, you have in your left hand through holt slot in drive plate A. 
Place the other end Z in your right hand in slot B with the center of 
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lacing on top of work as shown by dotted lines. Now let ends Y and Z 
follows arrows Z and Y and cross beneath the work on center at X. 

Fig. 60 shows lacing crossed at X and C and the dotted lines also 
show lacing crossed at D. When you have accomplished this, i.e., placing 
the lacing according to dotted lines, tie a common knot at D. You do 
not have to pull so hard that it is impossible to reopen the knot ; just 
give it a good pull. 

The most important point is the necessity of allowing for the draw. 
Before starting to lace unscrew drive plate a few turns, until the face 




Fro, 61.— A handy bridle for lathe work. 



plate is about % of an inch from spindle collar. Then apply lacing as 
directed and draw drive plate up on spindle nose and you are ready 
for work, as this holds it tight. 

When the work is done, loosen the face late again, which eases up on 
the knot so that it can be easily untied. 

Another plan is shown in Fig. 61, which is more convenient many 
times than the lacing, although you can sometimes find a substitute if 
a lacing is not handy. This can be made without difficulty and easily 
kept in a tool chest until wanted. 



CHAPTER V 
CHUCKS, CHUCKING AND BORING TOOLS 

While the selection of ehucks best adapted to the work must depend 
on conditions in each shop, it is safe to say that for ordinary machine 
work, especially in a jobbing shop, the independent jawed chuck is best 
in almost every case. Even with round work, the independent chuck ia 
better if it must be gripped hard for severe work, as the three- or four- 
jawed universal chuck, with its rack and pinions or other devices, is 
weak, as compared with the independent chuck. This does not refer to 
the two-jawed chuck, where the screw runs through from one jaw to the 
other ; these are very strong, but are more useful on turret and chucking 
lathes than on the engine lathe for general work. 

For holding finished work, where the work to be done is light, and 
the exact truth is not essential, such as polishing with emery cloth, the 
universal chuck is very handy, but it cannot be depended on for accu- 
rate work, as any one can readily prove for himself. And for job work, 
the independent chuck is indispensable, with odds in favor of the one 
with four jaws. 

By having circles a half inch apart on the face, it is easy to set the 
jaws very near the center at the first trial, and the work can be gripped 
a)t tightly as necessary for any job, as there are no gear teeth to give 
way. 

HANDY JAWS FOR MOST WORK 

Special jaws can be had or false jaws made to go over or on the 
regulars, but for a large variety of work the jaws shown in Fig. 62 are 
very useful. By setting these with the "steps" out, the long bearing 
of the jaw is available for the smaller work, and the steps for gripping 
the inside of larger work. 

Always grip work as near the face of the chuck as possible, simply 
because it gets back nearer to the spindle. This is especially necessary 
when the work is not supported at the outer end by the dead center, 
and is all overhang. Avoid overhang in everything as far as possible, 
which means keep the tool point near the holder, the dead center in as 
close as you can, and the work near the end of the spindle. 
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Using these steps, or even the outside of the end of the jaws, allows 
chucking pieces considerably larger than the chuck itself. Reversing one 
or two jaws as in Fig. 63 often gives just the sort of a grip you need 
for odd-shaped pieces. The faces of the jaws also give a good guide for 
chucking rings and similar work square on the face, and many different 
applications will come up from time to time. 




Via. fir. 
U65. — Special chucks. 



SPECIAL CHUCKS 
The regular chucks do not end the question, however, as every shop 
has a variety of special chucks for various uses. These may be simply 
east-iron cylinders, screwed on the lathe spindle to hold a standard size 
bar for finishing, as Fig. 64 ; or expanding or contracting chucks for a 
similar purpose, hut more accurate work, as Fig. 66 j or still another 
little device for driving a flat cutter or reamer while it is being turned 
or ground, as Fig. 65. Other variations will be found in many shops, 
or will come into use as necessity arises. 
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In Fig. 66 the work is held by springing the jaws through the wedging 
action of the coned surfaces. The internal chuck at the left is largely 
used for holding small rods, and the expanding chuck (or mandrel) at 
the right, for turning work after it has been bored. The jaws are split 
just the same, but are expanded by forcing the cone in. Sometimes this 
expanding cone is handled through the lathe spindle and operated while 
the lathe is in motion. Many devices are also made so as to operate 
the internal chuck without stopping the lathe, but these are not used 
on engine lathes in many instances. 

MAKING A COLLET FOR A LATHE 

It quite frequently happens in the average toolroom or machine shop 
that there, is a scarcity of collet lathes to meet the requirements. This 
is perhaps more often the case in the toolroom. In the building of jigs, 
fixtures, dies, gages, etc., the collet lathe is certainly an indispensable 
tool, and in the shop where there happens to be only one, it is a case 





Fro. 66.— Split chucks. 

of wait, most of the time. Now any ordinary hollow-spindle lathe can 
be quickly and cheaply converted into a first-class collet lathe by making 
a fixture similar to the one shown in Fig. 67, 

A represents the lathe spindle, which in this ease carried a center 
about ly^ inches diameter at the small end. To this center is fitted the 
hardened and ground taper sleeve E. This sleeve was ground to fit the 
collets used on other lathes. As this rig admits of much larger size 
collets than the ordinary draw-in collet lathe some extra sizes can be 
made. The machinery steel sleeve B was next fitted to the spindle, and 
by means of a spanner wrench screwed up tight to the shoulder. This 
sleeve has a fine thread on front end to which a cap C was fitted having 
a taper to match the front end of the collet. The working of this rig 
must be apparent at sight. Both tapers of the collet being used, and as 
the cap C is made with a fine thread (20 per inch), a very powerful 
grip is obtained. A spanner wrench is fitted to the cap C also. Several 
have used this chuck quite extensively in their shops, where it is usually 
preferred to the ordinary draw-in collet. It is nearly as rapid in manip- 
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alation, is very stiff and rigid, and for holding power it is much better 
than the collet lathe. 

Where the use of long bars is not required, an ordinary small center 
lathe with no hollow spindle can be used by extending the sleeve B and 
fitting it to a short collet as shown in Fig. 68. The sleeves B and C 
should be made of machinery steel, case-hardened ; a pin F forms a key 
to prevent the collet D from turning. 
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.. 67-68. — How a collet is made. 



INTERCHANGING LATHE CHUCKS 

In the jobbing or other small shop it is quite customary to use the 
same chucks and face plates on different lathes, and men often say things 
because the threads on the ends of the spindles are not all the same. 
When they are different we find adapters or pieces threaded to fit the 
nose of one spindle and the chuck that goes on another. 

But there is another feature about interchanging chucks that is apt 
to be overlooked in shops where the finest class of work is not done. 
It is practically impossible to get a chuck to run true to any lathe but 
its own, and it isn't easy to make it run twice exactly alike even on its 
own spindle. We do not always realize that a very small piece of dirt, 
cither in the thread or on the shoulder, will throw a chuck out of true 
more than wc might imagine, and this is equally true of face plates. 
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If you doubt this, just try putting on a face plate and note that it 
usually goes on rather snugly. Now clean the thread out and note the 
difference. You can be sure that it does not go on in exactly the same 
position in both cases and the condition is changed every time it goes on. 

KEEPING FACE PLATES TRUE 

The noses of most lathe spindles are not designed so as to make it 
easy to maintain the truth of face plates. The small bench or precision 
lathes are best in this respect as they draw the face plates or chuck onto 
a taper which comes nearer holding them true than the square shoulder. 
The long thread is entirely unnecessary as all it does is to keep the face 
plate or chuck from coming off, but does not hold it true ; this must be 
done by a straight or taper portion. 

When a new lathe comes in the shop the face plate should be trued 
upon the lathe itself before any nice work is attempted on it. In some 
shops the face plate is trued every time an extra nice job comes along 
and is not taken off till it is finished. This is a good plan to follow and 
also to avoid taking it off for another job before the work is done. This 
is sometimes difficult in a job shop, but the work will very seldom run 
exactly true when it is put back into the lathe again. 

If the face plate is carefully tested it will be found that in some cases 
the cross-slide will not turn exactly square with the spindle, but will be 
trifle concave, and this is usually done purposely. A concave face 
plate is better than one convex because it enables work to be clamped 
to it more firmly. 

USING SCREW CHUCKS 

Screw chucks that go on the lathe spindle and are threaded to receive 
work are a great source of annoyance from this cause. It seems as 
though they ought to run true, but they never do unless far more than 
ordinary care is taken. Every joint gives a chance for dirt to get in 
and that means error in the running of the work. 

On very nice work where screw chucks are used, they make a new 
chuck for every lot that is to be made. Turn it up in the lathe, thread 
it in place and never take it out till the whole lot is finished. Then the 
chuck is thrown in the scrap heap and a new one made for the next 
lot. This is the result of long experience and is much cheaper than any 
attempt to save money by using the old chuck over again. There is a 
large variety of work, however, where this precaution may not be neces- 
sary, where the other way be plenty good enough, and it is up to the 
really practical machinist to decide when to use the ordinary and when 
the most refined methods. 
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BORIHG TOOLS 

Tools for boring are a very different proposition from those for turn- 
ing. Turning tools can be supported very close to the cutting edge, but 
this is impossible in boring tools unless the hole is very short. The spring 
of the boring tool should be reduced as much as possible. 

Some of the old forged boring tools wore weak in this respect, as they 
sacrificed strength in the stock to get a long hook on the cutting point 
This is not necessary with the forged tool, but was done to allow for 
many grindings without redressing the tool, 

BORING TOOL HOLDERS 

The newer tools, such as shown in Figs. 69 and 70, are better in this 
respect, as the stock of the tool can be as large 'as will go in the hole, 




L 09-70.— Boring tools. 



after allowing for the length of cutting lip. This gives the cutting edge 
a good support, and allows better work to be done. 

The holders in Fig. 69 are both held in the tool-post ; neither of them 
is new but both have many uses. The V-blocks are simple, but the other 
has the advantage of being able to replace the tool in the same place, 
as the holder remains fixed in the tool-post. 

Pig. 70 is a more substantial block that goes right on the tool-block, 
and is more solid than the others. By having a large and small V, it 
is easy to hold different -sized boring tools very firmly. In each case the 
end of the tool is marked T, and B is simply a piece of steel the size 
of the small tools to clamp the top piece down against. 



GRINDING BORING TOOLS 

The tendency of tools ground as shown in A, Fig. 71, is to be crowded 
away from the cut, as shown by the arrow, and as it dulls this is in- 
creased. This means that the hole will be smaller at the back than at 
the front, and that light cuts must be taken to get it straightened out. 

With the cutting edge square, however, the spring is all down and 




Fig. 72. — Sotting boring tools. 



not away from the bore, but it is necessary to modify this a little in 
heavy boring cuts by rounding the corner a little, 

The clearance of boring tools must be watched carefully, especially 
in small holes, as can be seen in Fig. 72, which shows different diameters 
and the clearances for each. 




Fir. 7.1. — Inserted cutter boring bars. 

BORING BARS WITH INSERTED CUTTERS 
On work with a fair diameter it is often possible to use inserted 
cutters to advantage, as shown in Fig. 73. These have the advantage 
of costing little to keep up as the cutters can be made of commercial 
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sizes of high-speed steel. These can be removed when dull and sharp 
ones put in their places without disturbing the setting of the boring 
bar itself ; and where a hole is to be threaded, the threading cutter can 
be put in place of the boring cutter, and readily set square with the work. 
The bar A at the left of Fig. 73 is perhaps the most simple, having 
a round cutter held in place by a screw bearing on a flat place on top 
of the cutter. Next comes a square cutter, B, inserted at an angle so 
as to reach ahead of the bar, and also held by the screw. Numerous 
modifications of this can be made to suit individual ideas, 

AN INSIDE THREADING TOOL 

The threading tools C and D can have either a plain round cutter, 
clamped by splitting the bar, or a threaded cutter, as shown. The 
object of the thread is to make it easy always to put the cutter back 
in the same place after grinding, the threads locating it with the point 
the same distance from the bar. 

There is no need of cutting a full thread on the cutter; in fact a 
single cut with the threading tool will be sufficient for the threads in 
the bar to bite into. To make it easily removable, file away the thread 
at the sides of the hole, and also on the cutter. Then by turning the 
cutter at right angles, it can be slipped into place, given a quarter turn, 
and clamped ready to go to work. 

CHATTER IN BORING 

Work that overhangs to any great extent will chatter in boring as 
in turning. This can generally be stopped by supporting the work on 
the outside with a steady rest of some sort. On very thin work this may 
not be the case, and here it will be helped by lightly forcing in a piece 
of wood beyond the point to be bored, taking care not to spring the 
work. This helps stop the vibration, which is what causes chattering. 
In turning hollow work on the outside the chatter can often be stopped, 
by filling the inside with waste, forced in fairly tight. This is simply 
another case of stopping the vibrations. 

PREVENT DAMAGE TO CHUCKS 

One point in boring, both for chuck and face-plate work, is to be 
sure to allow a space behind the work for the tool to break through, 
if the hole goes clear through the work, so as to save digging into the 
face plate or chuck. This can he done by placing parallel strips behind 
the work, out of the way of the bore, or by having a ring which can 



serve the same purpose, 
plate in this way. 



There is no excuse for ruining a ehuck or face 



PRECISION DRILLING AND REAMING 
For some classes of work, the kind of drill shown at A, Fig. 74, here- 
with, would be ideal. Drills like this can be made quickly from drill 
rod and are commonly known as cannon drills. They will follow the 
guide of the bushing precisely, and can be used as reamers also. For 
brass they work as well, and can be made more quickly, as shown at B. 
They are just slanted off exactly to one-half the diameter at the end, 
and the proper clearance given. For accuracy they are much superior 




to the twist drill. The hole made will be the size of the hole in the 
bushing, even if the drill is not a close fit in it. 



NICE BORING IN THE LATHE 

One of the essential features in using the boring bar in the lathe is 
to have the bar supported as close to the cutting edge as possible. Fig. 74 
shows a method at C which is used by some toolmakers with considerable 
success. The work is clamped to an angle plate fastened to the face 
plate, so that it can be held perfectly square and not sprung, as is some- 
times the case when we attempt to pull the work back against the face 
plate by two or more bolts. 

As shown, the horing tool A is clamped in the holder B so that the 
tool-block and carriage travel with the bar when fed into the work by 
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the tail spindle C. In some eases the tail spindle is not used for this 
purpose, and the bar is fed into the work solely by the carriage. Another 
way is to move the holder B as close to the work as possible and feed the 
bar A through it by the tailstock C, as this keeps the support close to 
the outside of the work at all times. On the other hand, it allows the 
tool to spring more as it gets farther into the hole, for the cutting point 
is constantly going away from the support to the bar, while if it is 
clamped in the holder, the cutting point is at a constant distance from its 
support at all times, so that the spring of the bar should be practically 
constant. 



CHAPTER VI 



TAPER TURNING AND BORING 



Nest to selecting the change gears for thread cutting, the question of 
how Aiuch to set the tailstock over for a given taper is asked more often 
than any other. While it is a simpler problem than the other, in some 
ways it has some points which are not always clear. 
MEASURING THE TAPER 

The first thing to consider is just what the taper is, as this is some- 
times a point for differences of opinion. Some measure the taper on each 




Fig. 75.— Turning tapers. 

side, while the usual way is to take the total taper, as with pipe threads.. 
The standard pipe taper is % i ncn to the foot, which is the same as V™ 
inch to the inch, or 1 inch in 16 inches. In many cases it is easier to 
have the taper per inch, but we have to take these things as they come 
to us on the blue-prints or drawings. 

The amount of taper depends on the diameter at the two ends of the 

taper part of the bar and on the length of the taper, but the amount of 

offset for the tailstock depends on the length of the whole bar regardless 

of how much is turned taper. In Fig. 75 A is a section of a taper plug 

40 



TAPER TURNING AND BORING 41 

with a taper hole. The difference in diameter is 1 inch in both eases, 
but the taper of the hole is much sharper, as it is less than half as long 
as the plug. The outside is 1 inch taper in 6y 2 inches, while the hole is 
1 inch in 3 inches. 

THE LATHE CENTERS 

There is some question as to what effect the depth which the centers 
enter the work has on the setting over of the tailstoek ; but as it is prac- 
tically out of the question to set it over the exact distance the first time 
in any case, this need not enter into the question for general work. B 
shows a very short piece being turned at a sharp taper. It can be seen 
how the outer edge a and the point b bear on one end; on the other 
it is opposite, as in c and d. This is very hard on centers and makes it 
difficult to keep them from wearing. In fact, if much taper work is to 
be turned, a point more blunt than the usual 60 degrees may be found 
better. Some use a somewhat rounded point, as in e, for taper work. 

Forgetting about the center and its action and considering that the 
work is held between the points of the center as in C, B being the head 
and T the tail center, how much must we set the tailstoek T over to cut 
the outside taper shown in A? This is 3 inches at one end and 2 inches 
at the other, so we must reduce the small diameter 1 inch, which means 
y 2 inch on a side, and we set the tailstoek over y 2 inch, as at a in D. 
The tool moves along the line b c and cuts off y 2 inch at the small end, 
running out at ft. If the tailstoek has been set over just y 2 inch, the 
outside will be the correct taper, as shown by dotted lines. 

In E the tailstoek is set over the same amount and the small end 
reduced to 2 inches as before ; but as the piece is 15 inches long instead 
of &y 2 inches, the taper per inch or per foot is very much less. 

COUNT FULL DISTANCE BETWEEN CENTERS 
In Fig. 76, A shows a straight bar in the lathe before setting over 
the tailstoek; B with tailstoek set over and C with the bar turned to 
the desired taper. Calling this bar 3 inches in diameter and 30 inches 
long, how much must it be set over to make a taper of 2 inches in 24 
or within 6 inches of the whole length? 

As the taper is 2 inches in 24 or 1 in 12 inches or 1 / li of an inch 
in 1 inch, in 30 inches it would be 3 °/ 12 or 2*4 inches; so the tail center 
must be set over one-half of this or 1*4 inches. An example of this 
work is in turning the taper on the end of a piston rod, where the taper 
may be 6 inches long and perhaps an inch to the foot, as in the above 
case. The rod may be 48 inches long, and the whole length must be 
considered in setting over the tail center. In 48 inches the taper would 
be "/ 12 or 4 inches, so that the tailstoek would have to be set over 2 
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inches. The two points to remember are the getting of the right taper 
and always to consider the total length of the piece regardless of the 
taper portion. And it makes no difference where the taper portion is, 
whether at the tail end, the middle or near the headstock, the set-over 
is the same in any case. 




Piu. 76.— Setting over tbe tailstock. 



WAYS OF FIGURING TAPERS 

It is generally easier to figure tapers if we reduce them to the amount 
per inch in order to get at the offset. If the taper is given per foot, 
we divide it by 12, as, if it is pipe-thread taper of % inch per foot, we 
have '/ 12 of % or 3 / 49 or 1 /, (l inch per inch. If the taper is given 1 in 8 
or 1 in 15, the taper per inch is of course % or Via inch to the inch. 

Tapers are frequently given in degrees, and in such eases they arc 
usually turned with a compound rest divided into degrees; but it is 
sometimes handy to know what the taper would be in inches. Table 2 
will help if the taper is marked in degrees. 
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TAPERS IN DEGREES 
This table shows that to cut a taper of 4 degrees on a bar 12 inches 
long means a total taper of 0.838 inch, and that the tail center must be 
set over practically 0.35 inch. 



Table 2. — Tapers in Degrees and Inches p 



i Foot 



Total Taper 
in Degrees 


Equivalent Taper 
per Foot 


Set Over Tai (stock or 
Taper Attachment 
per Inch of Length 


1 


.20952 


.00873 


2 


.41904 




0174B 


3 


.62832 




(KD18 


4 


. 83808 




03490 


5 


1.04688 




04362 


6 


1-25664 




05234 


7 


1.46520 




06105 


8 


1.67616 




06976 


9 


1.88496 




07846 


10 


2.09376 




08716 


11 


2.31040 




09f,85 


12 


2.51328 




10453 


13 


2.71680 




11320 


14 


2.93140 




12187 


15 


3.14064 




13053 



Total Taper in 


Set Over Tailstock or Taper 


Inches per Foot 


Attachment per Inch of Length 


A— 09375 


.0039 


i— .125 


.0052 


A— -1S75 


.0078 


1— .25 


.0104 


I— .375 


.0156 


J— .5 


.0208 


S— .625 


.026 


i— -75 


.0312 


I— .875 


.0364 


1—1. 


.0416 


11—1.25 


.052 


li— 1.50 


.0624 


1J— 1.75 


.0728 


1—2. 


.0832 





Table 4.— 


Tapers i 


n Degrees 


and the Equivalents in Inches 


Deg. 


Inch- 


Deg. 


laches 


Deg. 


Inches 


Deg. 


u. 


1 


0.0175 


71 


0.1310 


25 


0.4434 


45 


0.8284 


2 


0.0349 


10 


0.175 


30 


0.5360 


50 


0.9326 


3 


0.0524 


15 


0.2633 


35 


0.6306 


55 


1.0411 


4 


0.0708 


20 


0.3526 


40 


0.7279 


60 


1.1547 


5 


0.0873 















The next two tables are guides in the opposite direction, giving some- 
thing of an idea as to what angle a given taper is. Taking the pipe 
taper of % inch to the foot or V, a inch to the inch, what angle is it? 
Consulting a table of decimal equivalents or dividing 1 by 16 gives 
0.0625, and this is between 3 and 4, very nearly 3% degrees. 

In the same way a taper of 1 in 12 or Vis i nen t° tne i ncn IS 0.083, 
which comes very close to being 5 degrees ; to cut this, we set the tail- 
stock over 0.0416 inch for every inch of length in the bar. 

ANOTHER WAY OF TURNING TAPERS 
Many lathes have a taper attachment consisting of a bar at the back 
A, on which a shoe slides and moves the tool-block T through the link 
E, as shown by D, Fig. 77. The cross-feed screw is of course discon- 
nected so that the tool-block is free to slide under control of shoe. Bloeks 
B and C are fastened to the back of the lathe and hold the ends of the 
bur A, as shown, at any desired angle, the angle of the bar giving a 
similar taper to the work. As shown, the bar would be turned smaller 
at the head end than the tailstoek, just the reverse of the usual way. 

These bars are graduated at the ends, sometimes in inches and frac- 
tions, sometimes in degrees, sometimes inches at one end and degrees 
at the other. Some lathes have the bar swing from one end only. This 
plan allows a much better contact of the centers in the work and has 
many advantages. Credit for this device belongs to Dwight Slate, of 
Hartford, Conn., who brought it out in 1867. 



BORING TAPER HOLES 
Most taper boring is done with a compound rest, the pieee of work 
being held in a chuck or strapped to the face plate and the outer end 
supported in a steady rest. But there are many jobs which can be 
handled by driving the work on an arbor or mandrel, as in E, Fig. 77, 
and setting the arbor over just as though that were the piece to be 
tapered, except that for boring, the tailstoek must be set over the other 
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way, as will be seen in the illustration. This is a pulley for a fraction- 
clutch countershaft, and is bored with a regular lathe tool. 

If the taper is y s inch to the inch and the arbor 24 inches long, 
the total taper would be 3 inches and the offset one-half of this, or 1^ 




Pig. 77. — Other (aper methods. 



inches. With a shorter arbor, say 16 inches, the offset would be only 1 
inch, and so on. 



USE OF BORING BAR 
Long taper holes are sometimes bored by using a star-feed boring 
bar. The tailstock is set over in the usual way and the work driven from 
the face plate, being supported by steady rests or otherwise. The bar 
does not turn in this case, but is held stationary by the tailstock while 
the live center turns in the bar. The star feed must also be worked by 
a pin or pins, which moves around with the work so as to strike the 
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star wheel once or twice during the revolution of the work, according 
to the feed desired. 

For special work it may be better to make a bar of the right taper 
and drive the bar while the work is held on the lathe carriage, as F, 
Fig. 77. The tool T travels along the dovetail slide in the bar, driven 
by the screw, which is turned a portion of a revolution at each turn by 
one prong of the star wheel striking the stop on the tail spindle at 8. 

CUTTING TAPER THREADS 

When it comes to cutting a taper thread, there is a difference of 
opinion as to the correct method, 

In straight work we set the threading tool square with the surface 
to be threaded, and some do this with tapered work as well. It is easier 
but not right, as will be seen at A, Fig. 78. This makes the front side 
of the thread almost at right angles to the center line, and the back of 
the thread becomes more nearly parallel and has a very poor hold on 
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the other piece which screws into or on it. The angles would vary with 
every taper, being less objectionable as the taper decreases. 

The proper way is to set the thread tool at right angles with the 
center line of the piece, as shown at B, as this gives an equal angle to 
both sides of the thread, although the back side is necessarily shorter 
than the front; but it will hold better than the oher. 

To do this, hold your thread gage in line with the points of the 
centers, either by holding a scale between the centers or in any other 
way that is easy for you. The tool is shown in position in both A and B, 
and the setting of the tool is important if you want good threads on the 
work. 

POINTS TO REMEMBER ABOUT TAPER WORK 
The main points about taper work are: 

Always consider the length of the work or the distance between 
centers instead of the length of the taper portion. 
Make the offset half the amount of the total taper. 
Always set the point of the tool at the height of the lathe center in 
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taper work. If it is set above or below the center there will be a slight 
change in the taper as the diameter is reduced. This is a very important 
point to remember. 

In cutting threads, set the tool square with the center line of the 
work and not square with its surface. Set it at height of center. 

It is always well not to set the tailstock over the full amount at first, 
so that the small end will be larger than required, rather than smaller. 

In making long taper fits it is easier to have the bearing for a short 
distance on each end with a relief in the center, and this generally 
answers the purpose equally well. 

SETTING COMPOUND RESTS 

The difficulty experienced in measuring angles and setting dividing 
heads and compound rests comes mainly from two causes: A confusion 
of ideas as to whether half of the total angle is meant and the position 
of the base line. 

In the compound rest we have the work measured in angles from a 
line drawn between the lathe centers while the slide is at right angles 
to this as in A, Fig. 79. If we have to turn the bevel on a valve-seat 
reamer that is 60 degrees total angle, we must set the slide rest at 30 
degrees from the line of the centers. This very seldom means that we 
can set it to 30 degrees on the compound rest as they are usually divided 
to read from the cross-movement at right angles to the center. 

Perhaps the easiest way is to swing the compound rest parallel to 
the lathe centers with the handle toward the headstock, and the two 
45-degree marks come together if they are divided in this way. Then 
move the handle end out until 30 degrees have passed by the 45-degree 
mark, or until 15 degrees on the upper coincides with the 45 if both are 
graduated. No matter how it is divided, move the compound rest 30 
degrees without regard to the numbers as they appear. 

When facing work to any desired angle and the work is normally 
in line with the cross-slide, read the divisions just as they are graduated, 
bearing in mind that each degree the slide is set off means 2 degrees 
total angle for the work. 

A, B and G, Fig. 79, show three methods of graduating compound 
rests on a lathe or swivel head on a planer. In A the base is divided 
into 45 degrees each side of a zero line at the side or at right angles to 
the cross-slide. "With this graduation the scale shows the degrees moved 
through by the tool-slide with reference to the cross-slide. If we set it 
to 15 degrees we can face off a piece 15 degrees on each side of the end, 
but this would leave the end with a total angle of 150 degrees with the 
center line of the work. 



In B the graduations are reversed, being on the upper slide, and 
the zero on the base. The results are the same except that we read on 
the opposite side of the zero mark of the graduations; swinging the 




upper slide to the left 15 degrees, we must read the angle on the side 
of the scale now hidden from view. 

C shows a different plan and one which has some things to recom- 
mend it: the 90-degree mark in place of the zero, in A, the 75-degree 
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in place of the 15, but, of course, the 45 comes in the same place on 
account of its being half-way between the two. 

This method of graduation shows the exact angle that will be cut 
each side of the center line, and we get the total angle by doubling the 
figures of the graduation. If we move it to 75 it will cut 75 degrees each 
side of the center line. If it is moved to 45 it cuts a 90-degree total 
angle, and if to 60 it cuts 30 degrees away on each side, leaving 120 
degrees included angle. Bearing this in mind, there should be no con- 
fusion as to what angle will be cut. 

After one becomes familiar with the divisions of the machine he is 
handling, it is easy to set by the numbers, but as they are apt to be 
confusing, it is safer to check the reading by counting the degrees from 
the point when the slide is parallel with the lathe centers. 

Table 5 gives the tapers most commonly' used in both degrees and 
inches per foot. It will save time and trouble in figuring out the desired 
taper. 

Table 5. — A Table of Common Tapers 



Taper 






Taper 






Taper 






Taper 






per 


Angle B 


per 


Angle B 


per 


Angle B 


per 


Angle B 


Foot 






Foot 






Foot 






Foot 






A 


Dcg. 


Min. 


A 


Dee. 


Min. 


A 


Deg. 


Min. 


A 


Deg. 


Min. 







36 


u 


8 


53 


51 


23 


38 


81 


36 


6 




1 


12 


2 


9 


28 


5} 


24 


37 


9 


36 


53 




1 


47 


21 


10 


37 


5J 


25 


36 


91 


37 


36 




2 


23 


21 


11 


46 


6 


26 


35 


91 


38 


21 




2 


59 


21 


12 


54 


61 


27 


30 


91 


39 


5 




3 


35 


3 


14 


2 


6} 


28 


25 


10 


39 


48 




4 


10 


31 


IS 


9 


83 


29 


21 


101 


40 


30 




i 


46 


31 


16 


16 


7 


30 


15 


10J 


41 


12 




5 


21 


31 


17 


21 


71 


31 


8 


101 


41 


52 




6 


57 


4 


18 


26 


71 


32 


1 


11 


42 


32 




6 


32 


a 


19 


30 


71 


32 


50 


111 


43 







7 


7 


41 


20 


33 


8 


33 


43 


111 


43 


47 




7 


43 


41 


21 


36 


81 


34 


30 


113 


44 


24 




8 


IS 


5 


22 


37 


SJ 


35 


IS 


12 


45 






CHAPTER VII 
THREAD CUTTING 

There is nothing mysterious about thread cutting. If we extend the 
back end of the spindle, cut 6 threads per inch on it and use a rig like 
a fox lathe, it is clear that we will cut a 6-thread screw in the lathe. 
The engine lathe is just as simple only we put the lead screw down in 
front of the bed and drive it by gears, part of which are hidden. 

If the lead screw is geared "even," that is, if it makes one turn for 
each turn of the spindle, it must be clear that we will cut the same 
thread in the lathe as there is on the lead screw. For if the lead screw 
is 6 threads to the inch and makes one turn to each turn of the spindle, 
the carriage and the tool must move 1 / t of an inch for each turn of the 
spindle. 

To test this put gears having the same number of teeth on both the 
stud and the lead screw and see if you cut the same thread as the lead 
screw. If not, take the thread cut as the pitch of the lead screw in all 
calculations to be made. 

Having found what thread will be cut with "even" gears, it is easily 
seen that to cut a coarser pitch thread the lead screw must be driven 
faster than the spindle, while to cut a finer pitch the lead screw must 
run slower than the spindle. This means that for a finer pitch the larger 
gear must go on the lead-screw, and for a coarser pitch the small gear 
goes on the lead screw. 

Calling the lead screw 6-pitch and wanting a 3-pitch thread, the lead 
screw must turn twice as fast as the spindle, so that the stud gear must 
have twice as many teeth as the screw gear. This means that a 24 on 
the lead screw and a 48 on a stud would cut a 3-pitch thread on the work. 
If, on the other hand, a 12 thread is wanted, the screw must turn half 
as fast as the spindle, so that the same gears can be used, but the 48 
goes on the lead screw and the 24 on the stud, 

FIGURING GEARS FOR THREAD CUTTING 
There are many ways of figuring gears, but they are all based on the 
proportion between the movement of the thread tool and the revolutions 
of the lathe spindle. 
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Take plenty of time to get the principles on which screw cutting 
is based fixed in mind before going further, as success depends on that. 
"When the idea is thoroughly grasped any job of thread cutting that 
conies along can be handled without a moment's hesitation. 

Perhaps the easiest rule is to multiply both the thread to be cut and 
the pitch of the lead screw by any number (the same number in both 
cases) that will give gears found in the set. If the lead screw is 4 to 
the inch and we wish to cut a 10 thread, multiply both 4 and 10 by 
any number such as 6, giving 24 to 60 ; or by 5, giving 20 to 50. Put the 
gear obtained by multiplying the thread to be cut, on the lead screw, and 
the other on the stud. The reason for this is that the thread to be cut 
depends directly on the revolutions of the lead screw. "When the thread 
to be cut is finer than the lead screw, it is clear that the lead screw must 
turn slower than the spindle, so the larger gear goes on the lead screw. 

This shows us why we make the rules as follows: 

1. To find the gears for cutting any thread. Multiply the thread 
to be cut and the lead screw by any number that will give two of the 
gears in the train. Always multiply both the thread to be cut and the 
pitch of the lead screw by the same number. Put the gear found by 
multiplying the thread to be cut on the lead screw and the other on the 
stud. 

2. To find what thread will be cut by any pair of gears. Multiply 
the pitch of lead screw by its gear and divide by the gear on the stud. 

3. To find gears to cut a thread faster than 1 to the inch. Divide 
the distance between one complete turn by the distance between threads 
in the lead screw. This shows how many times the lead screw must turn 
for each turn of the spindle. Use gears that will do this and you are all 
right. 

Examples: Lead screw 5 to inch to cut a 12 thread? Multiply both 
by 5. 5X5=25, the gear for the stud. 5X12=60, the gear for the 
lead screw. 

What thread will be cut by a 64 gear on lead screw, 48 on the stud 
and lead screw 4 to inch ? 

Multiply 64 by 4 as in Rule 2, and divide by 48. 64X4=256. Divid- 
ing by 48 gives 5'/ 3 threads per inch. Prove this by Rule 1, using 12 
as a multiplier. 

"What gears will cut a thread 1% inch pitch, lead screw 4 to the inch ? 

Lead screw pitch=i,4 inch and 1%=*/, so the thread to be cut is 
7 times as fast as the lead screw, and the lead screw must travel 7 times 
as fast as the spindle. This will be impossible without compounding, 
in most eases, 



COMPOUNDING GEARS 

The compounding of gears is simply a way of avoiding the use of 
very large gears and of requiring a much larger number of gears in the 
set. If the lead screw is 4 to the inch and you want to cut a 36 thread, 
the screw must turn only 1 /„ as fast as the lathe spindle. 

As the screw moves so much slower than the spindle we must put 
the small gear on the stud. We seldom use a smaller gear than 24 teeth 
and 9X24=216 for the gear on the screw. To avoid this we use a com- 
pound gear set between the stud and the screw, varying the proportions 
of the compound gears as we think best. 

In this case we can take a 24 and a 72, making a 3 to 1 combination, 
and reduce the motion between the stud and the screw to one-third, so 
that we select the gear for a thread '/ 3 of 36 or 12. As 12 is three times 
the lead of the screw, the gear on the screw must be 3X24 or 72. So 
we have the 24-tooth gear on the stud mesh into the 72 of the compound, 
and the 24 of the compound mesh into the 72 on the screw. 

Analyzing this we can see that the 24 gear of the stud will turn the 
72 gear of the compound just ] / 3 of a turn or 24 teeth. At the same time 
the 24 gear of the compound is also turned 1 / 3 of a revolution or 8 teeth, 
and moves the 72 on the screw an equal amount, which is 1 / B of the whole 
number of teeth or Y» of a turn, so that the thread tool has only moved 
'/• of Yi, or Ym of an inch. 

The gear-feed boxes or quick-change devices for threads are simply 
combinations of compound gears which can be varied by sliding keys 
or by other means. These give a variety of gear combinations which 
can all be traced out in this same way with a little care, always remem- 
bering that there is nothing mysterious about any of them, 

CATCHING THREADS 

The time wasted in letting a lathe run the carriage back, even with 
a fast backing belt, is not good practice on long threads. If we stop 
the lathe at any point on a threading job, unlock the carriage and move 
it along just an inch, it will always catch the thread unless it is faster 
than one to the inch. 

If both the pitch of the thread being cut and the lead screw are 
even numbers, such as 2, 4, or 6, the thread can be caught at any half 
inch. But the way to save time is to be able to do this without stopping 
the lathe or doing any measuring except with your eye. Stopping the 
lathe with the dog in any particular position takes time and is unneces- 
sary if you are careful and get a little practice. 



THREAD CUTTING 53 

If the lathe is geared even, or the work being threaded is the same 
pitch as the true pitch of your lead screw, you can throw in the half 
nut anywhere and have no fear about catching the thread. This is also 
true if the thread being cut is any multiple of lead screw, but we must 
find a way to catch any threads that come along and do it so as to save 
time and yet not spoil work. 

When starting the thread it is a good plan to note the position of 
the lathe dog, turning it until its tail is at the top. Then bring the 
thread-cutting tool as near the starting point as you think is safe and 
lock in the half nut. Now move up the tailstoek body till it touches 
the carriage bridge, or put something on the bed that will give a positive 
indication, and we are ready. 

It is very evident that whenever the lathe dog has its tail at the top 
and the carriage is back in the same position, the half nut will drop 
into place and catch the thread every time. So all we have to do after 
a cut is to open the half nut, run the carriage back to the stop or mark 
as the case may be, wait until the dog's tail gets to the top and close 
the half nut. It doesn't require that you wait till it is exactly at the 
top, as the eye can tell near enough to enable the half nut to catch in 
at the right place, for the lead screw threads are so coarse that if the 
nut goes in when the dog is near the top it is all right. 

Another way, although not quite as rapid as the one just described, 
is to run the carriage back until the thread tool is near the beginning 
of the cut, and run it in until it nearly touches the work. Then with 
the half nut in hand ready to close, wait till the thread tool points to 
its proper position in a thread, throw in the nut and the carriage will 
start in its proper place. Reverse the lathe, run it back a turn or two 
till the tool clears the work, and then start the cut. But the other way 
is quicker and better in most cases. 

RAPID THREAD CUTTISG 

Thread cutting used to be considered a ticklish job and light cuts 
were always in order, but the newer methods have made quick thread 
cutting the order of the day. 

One of the best examples of this was a lot of special studs used in a 
gas engine. The threads are 7 pitch, iy$ inches in diameter, and the 
thread is 2% inches long. These were chased in an engine lathe with 
a single-point tool in from 4 to 5 cuts by a boy who has learned to catch 
threads almost with his eyes shut, at the rate of 13 studs an hour. And 
the threads were as smooth as necessary, better than many chased at a 
slower rate, and accurate as to fitting the nuts. 
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There is a little trick about this that is worth knowing. The first 
chip is a reasonably heavy one, perhaps half the depth of the thread 
because the area cut out is comparatively small. Then on the nest 
cut he deliberately misses the first thread and cuts another the same 
depth as the first, as shown in Pig. 80. The next time he splits the 
two cuts and takes out another big chip from the center, getting the 
thread down nearly to size and not having any of the heavy crowding 
chips from both sides as when you cut straight down from the center 
every time. The fourth or fifth chip finishes the stud to size and leaves 
.a good thread. 

Some makes of lathes have an indicator for this purpose. The idea 
is old, but is not common, probably because there are comparatively few 
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long screws to be cut and the necessity for such a device is not often 
felt. 



MEASURING THE THREAD 

The old notion of measuring the thread with a pair of broad-nosed 
calipers to go over two or three threads has given way to the better plan 
of measuring half-way down the sides of the thread. Measuring the 
top gives the outside diameter, but the threads should fit on the sides 
and not the top or bottom. 

The bottom of the thread depends entirely on the point of the thread 
tool, while the top depends on whether the cut is brought up so as to 
be just sharp in a V-thread or to just the right width of flat for the 
United States Standard. But measuring the sides of the threads tells 
the story. 

The most refined and accurate thread measurements are made by 
the use of wires laid in the threads, then the outside of the wires meas- 
ured by micrometer or else a special thread micrometer, but for lathe 
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work, grind the points on a pair of calipers so as to touch the sides 
of the thread, about half way down, and then measure a bolt that fits 
the nut properly. Using this as the standard, you may be surprised to 
know how accurately you can cut threads by measuring in this way if 
the angle is kept right. 

CUTTING THE THREAD 
Having found the proper gears for the thread wanted, either hy 
figuring out the change gears or by moving the handle in the gear box 
if the lathe has one, the next step is to decide on the tools to use. In 
some cases men seem to forget all about the question of clean cutting 
when it comes to thread tools, and grind up a tool to fit the thread gage 
without regard to top rake or easy cutting. In cutting brass the top 
rake can be omitted, but for iron and steel it will help in roughing out 
a job quickly and getting ready for the finishing cuts. 

PITCH AMD LEAD 
Before starting to cut any threads it is best to fix in the mind what 
the pitch of a screw is. As usually measured, we say 10 pitch, mean- 



Fic. 81.— Setting thread tool. 

ing 10 threads to the inch. On the other hand we sometimes run across 
a drawing marked % pitch, which should mean three-quarters of a turn 
to the inch or one turn in l'/ 3 inches. If it says % inch pitch it means 
% inch from one thread to the next. 

The next point to watch is "pitch" and "lead." The pitch of a 
thread is the distance from the center of one thread to the center of 
the next. The lead of a screw is the distance a nut will advance in one 
revolution of the screw. If it is a single-thread screw, the pitch and 
lead are always the same ; but for double, triple or any multiple thread, 
the lead is just as many times the pitch as there are multiple threads. 
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A double thread has a lead twice the pitch, a triple screw three times, 
and so on. The pitch might measure 12 with a screw thread gage, .but 
be a quadruple thread of 3 to the inch. The angle the thread makes 
with the bar it is cut on tells the story here. 

Grind your tool to fit the thread gage and set it square with the 
work, as shown in Fig. 81. This insures each side of the thread being 
30 degrees. The tool can be set on straight work by resting the back 
side of the gage against the work and using the small V on the side to 
see that it is right as at A, Fig. 81. Some place the large V in the 
end over the center, as shown in B, hut the first is usually the better 
way. For inside thread cutting the tool can be set as in C if the work 
is small, or by reversing the process of A if the hole is large enough. 

ROOGHING OCT THE THREAD 
The old standby for a roughing thread tool is shown in A, Fig. 82. 
This is practically a diamond lathe tool, with the sides 60 degrees, 




2.— Thread tools. 



plenty of top rake, and the point rounded so as to stand a heavy chip. 
For soft steel or wrought iron this will get out most of the metal in a 
hurry and leave the finishing for a tool like B, which, from the amount 
ground down on top, has seen service. 

Some prefer a bent thread tool, and they are necessary at times to 
get up elose to a shoulder. They are usually bent around as at C or 
even more than this, but an easier way is to grind the end of a straight 
bar as shown at a, in tool D, which is an easy tool to make and gets 
up to a shoulder very nicely. When ground with plenty of top rake 
at the front edge, it looks like D and is an excellent tool for what might 
be called angle cutting. It can also be ground with a rake from the point 
back toward the body, for regular or front cutting. 

Most shops use one of the many threading tools with removable points, 
and these have the advantage of being able to reset the tool in the same 
place after grinding. 
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TAKE UP ALL LOST MOTION 



One of the most frequent causes of unsatisfactory thread cutting 
is to have "slack" in the cross-feed screws or lost motion in the slides 
of the tool-block or the compound rest. Any of these is apt to allow 
the tool to dig into the work, and there is nothing more exasperating 
than this, especially if it is near the finishing cut. So it is well to have 
all the slides gibbed down quite tight to be sure the slack is taken out 
of the screws, and to have the tool clamped tight and with as little over- 
hang as possible, before starting to cut a thread. 

Sometimes, too, a slight difference in the height of the tool will make 
it cut much better, and for finishing a thread it is a good plan to have 
the tool just about at the center of the lathe. For this purpose the rising 
and falling tool rest on a lathe carriage is very handy, as the tool can 
be raised or lowered after it is set in position. With this rest the 
roughing cuts can be taken with the tool above the center and the tool 
lowered to the center for finishing. 

ANGULAR FEEDING OF TOOLS 

To get away from the wedging action of a V tool and to get the 
advantages of the side-cutting tool, some one devised what can be called 
the angular thread- cutting method. AH indications point to Prof. John 
E. Sweet as the first to bring it into use. 

The object of' this is to get the advantage of a side-cutting tool by 
feeding the tool into the cut so as to cut only on one side of the thread 
until the roughing is all done, and then finish with the regulation tool 
on both sides. It is possible, however, to cut the entire thread from one 
side if the tool is in good shape and fed in at exactly the right angle, 
or the last cut can be taken by feeding the cross-slide in straight. 

The swivel or compound rest is necessary for this kind of work, and 
it should be set at 30 degrees, as shown in A, Fig. 83. This has the 
tool shown in D, Fig. 81, with the top ground away so as to give a side- 
tool rake from the cutting edge. The tool is fed up to the work by the 
regular cross-slide, which should then be locked by tightening the gibs 
or in any other way, and the tool fed into the work by the swiveled 
slide. This makes the front or shearing edge a do all the cutting, and 
it will be seen that the other edge of the tool simply follows the angle 
of the thread. The notches a, b, c, d and e show different cuts and how 
the front edge does all the work, but still leaves a perfect thread at the 
bottom every time. 

As a matter of fact it is very hard to cut a V-thread that is per- 
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fectly sharp at the bottom, and the roughing cuts should be taken with 
the point of the tool either rounded or flattened, saving the tool with a 
perfectly sharp point for the very last cuts. In fact the sharp V-thread 
has now been discarded by nearly everyone. 

Another way of using the compound rest in thread cutting is to set 
it at right angles to the cross-slide, as shown at B, and move the thread 
tool first to one side of the thread and then the other, cutting on only 
one side at a time until the finishing cut. This method is said to be 
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quite common in English shops. The thread 
ness. 



thread cutting. 

shown broken for clear- 



THE UNITED STATES STANDARD THREAD 
The United States Standard or Franklin Institute or Sellers form of 
thread is so called because it was designed by "William Sellers, recom- 
mended by the Franklin Institute, and has been adopted by the United 
States Government. This thread has the same angles as the V, 60 
degrees, but has one-eighth of the depth taken off the top and bottom. 
The depth of a V-thread of this pitch is 0.86 inch and of the United 
States Standard 0.65 inch, while the flat at top and bottom is 0.125 inch. 
To find the depth for any other thread, divide these figures by the num- 
ber of threads to the inch. To help in allowing for the thread when 
boring a die or other piece with internal thread, Table 6 will be found 
useful. This also gives the width of the flat for the point of the thread 
tool, but it is fully as easy to measure this with a standard thread gage 
and there is much less chance of error. Simply grind the tool to fit the 
gage for whatever thread is to be cut, being sure it is a United States 
Standard thread gage and not a V. 
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USING THE STOP BLOCK 



In feeding the tool into the work it is a great help to have a screw 
in the stop block with divisions on the head like a micrometer. Then you 
can see just how far the tool is fed in each time. This is not absolutely 
necessary, as you soon get to know how much of a turn to give the 
screw each time to allow for feeding it into the work. The stop screw 
and block are usually made as in A, Fig. 83, but for inside work it is 
necessary to take out the screw, move the block out and put the screw 
head inside the block so the head will stop against it when drawn back. 
This can be done away with by having a collar on the screw inside the 
block with space enough to allow for the deepest thread you are likely 
to cut. A half-inch allowance will be ample to allow the tool to be 
withdrawn from the cut when running back, on either outside or inside 
work. 

DOUBLE OR TRIPLE THREAD 
When a double thread is to be cut, the first thread is cut to one-half 
the depth for that pitch and the second thread cut half-way between 
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the grooves of the first thread. This space can be divided by measure- 
ment, by turning the work half-way round or by turning the stud gear 
just half-way round. The last is probably the easiest except when an 
odd-tooth gear is on the stud. In that case it is probably easier to 
measure and move the carriage. 

If there is much double-thread cutting to be done, the best way is 
to have an indexing face plate made like Pig. 84. 



Table 6. — Proportions of Screw Threads 



Number 




Sharp V-Thread 


U. 8. Standard Thread 


of 


Lead of 






















Threads 
per Inch 


Thread 


Single 


Double 


Single 


Double 


Width of 




Depth 


Depth 


Depth 


Depth 


Flat 




1.00000 


0.8665 


1.7330 


0.6495 


1.2090 


0.1250 


11 


0.88888 


0.7702 


1.5404 


0.5773 


1.1546 


0.1111 


u 


0.80000 


0.6932 


1.3864 


0.5196 


1.0392 


0.1000 


li 


0.72727 


0.6302 


1.2603 


0.4723 


0.9447 


0.0909 


1! 


0.66667 


0.5776 


1.1553 


0.4330 


0.8660 


0.0833 


l! 


0.61638 


0.5332 


1.0664 


0z3997 


0.7994 


0.0769 


li 


0.57142 


0.4951 


0.9902 


0.3711 


0.7422 


0.0714 


U 


0.53333 


0.4621 


0.9242 


0.3464 


0.6928 


0.0666 


2 


0.50000 


0.4332 


0.8665 


0.3247 


0.6495 


0.0625 


21 


0.47058 


0.4077 


8155 


0.3056 


0.6113 


0.0588 


2i 


0.44444 


0.3851 


0.7702 


0.2888 


0.5773 


0.0555 


2| 


0.42105 


0.3648 


0.7296 


0.2734 


0.5469 


0.0528 


21 


0.40000 


0.3466 


0.6932 


0.2598 


0.5196 


0.0500 


21 


0.38095 


0.3301 


0.6602 


0.2474 


0.4948 


0.0476 


2i 


0.36363 


0.3151 


0.6302 


0.2361 


0.4723 


0.0454 


21 


0.34782 


0.3014 


0.6028 


0.2259 


0.4518 


0.0435 


3 


0.33333 


0.2888 


0.5776 


0.2165 


0.4330 


0.0416 


31 


30769 


0.2666 


0.5332 


0.1998 


0.3997 


0.0384 


3i 


0.28571 


0.2475 


0.4951 


0.1855 


0.3711 


0.0357 


3i 


0.26667 


2311 


0.4621 


0.1732 


0.34C4 


0.0333 


4 


0.25000 


0.2166 


0.4332 


0.1623 


0.3247 


0.0312 


41 


0.22222 


0.1925 


0.3851 


0.1443 


0.2886 


0.0277 


S 


0.20000 


0.1733 


0.3466 


0.1299 


0.2598 


0.0250 


51 


0.181818 


0.1575 


0.3151 


0.1180 


0.2361 


0.0227 


6 


0.166666 


0.1444 


0.2888 


0.1082 


0.2165 


0.0208 


7 


0.142857 


0.1237 


0.2475 


0.0927 


0.1855 


0.0182 


8 


0.125000 


0.1083 


0.2166 


0.0812 


0.1624 


0.0156 


9 


0.111111 


0.0962 


0.1925 


0.0721 


0.1443 


0.0138 


10 


0.100000 


0.0866 


0.1733 


0.0649 


0.1299 


0.0125 


11 


0.090909 


0.0787 


0.1575 


0.0590 


0.1180 


0.0113 


111 


0.086956 


0.0753 


0.1507 


0.0564 


0.1129 


0.0108 


12 


0.083333 


0.0722 


0.1444 


0.0541 


0.1082 


0.0104 


13 


0.076923 


0.0666 


0.1333 


0.0499 


0.0999 


0.0096 


14 


0.071428 


0.0619 


0.1237 


0.0464 


0.0927 


0.0089 


16 


0.062500 


0.0541 


0.1083 


0.0406 


0.0812 


0.0078 


13 


0.055555 


0.0481 


0.0962 


0.0361 


0.0712 


0.0069 


20 


0. 050000 


0.0433 


0.0866 


0.0324 


0.0649 


0.0063 


22 


0.045454 


0.0394 


0.0787 


0.0295 


0.0590 


0.0057 
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Table 6. — Proportions of Screw Threads — Continued 



Number 
of 


Lead of 


Sharp V-Threab 


IT, S. Standard Thread 












Threads 
per Inch 


Thread 


Single 


Double 


Single 


Double 


Width of 




Depth 


Depth 


Depth 


Depth 


Flat 


24 


0.041666 


0.0361 


0.0721 


0.0271 


0.0541 


0.0052 


26 


0.038461 


0.0333 


0.0666 


0.0250 


0.0499 


0.0048 


27 


0.037037 


0.0321 


0.0642 


0.0240 


0.0481 


0.0046 


28 


0.035714 


0.0309 


0.0618 


0,0232 


0.0463 


0.0045 


30 


0.033333 


0.0289 


0.0577 


0.0216 


0.0433 


0.0043 


32 


0.031250 


0.0271 


0.0541 


0.0203 


0.0405 


0.0039 


34 


0.029411 


0.0255 


0.0510 


0.0191 


0.0382 


0.0037 


36 


0.027777 


0.0241 


0.0481 


0.0180 


0.0360 


0.0035 


38 


0.026315 


0.0228 


0.0456 


0.0171 


0.0342 


0.0033 


40 


0.025000 


0.0216 


0.0433 


0.0162 


0.0324 


0.0031 


42 


0.023809 


0.0206 


0.0412 


0.0154 


0.0309 


0.0029 


44 


0.022727 


0.0196 


0.0393 


0.0147 


0.0295 


0.0028 


46 


0.021739 


0.0188 


0.0376 


0.0141 


0.0282 


0.0027 


48 


0.020833 


0.0180 


0.0360 


0.0135 


0.0270 


0.0026 


50 


0.020000 


0.0173 


0.0346 


0.0129 


0.0259 


0.0025 


52 


0.019231 


0.0166 


0.0333 


0.0125 


0.0249 


0.0024 


54 


0.018518 


0.0160 


0.0320 


0.0120 


0.0240 


0.0023 


56 


0.017857 


0.0154 


0.03O9 


0.0116 


0.0232 


0.0022 


58 


0.017241 


0.0149 


0.0298 


0.0112 


0.0224 


0.0021 


60 


0.016666 


0.0144 


0.0288 


0.0108 


0.0216 


0.0020 


64 


0.015625 


0.0135 


0.0271 


0.0101 


0.0202 


0.0019 


68 


0.014705 


0.0127 


0.0254 


0.0095 


0.0191 


0.0018 


72 


0.013888 


0.0120 


0.0241 


0.0090 


0.0180 


0.00172 


76 


0.013157 


0.0114 


0.0228 


0.0085 


0.0170 


0.00184 


80 


0.012500 


0.0108 


0.0216 


0.0081 


0.0162 


0.00156 


84 


0.011904 


0.0103 


0.0206 


0.0077 


0.0154 


0.00148 


88 


0.011363 


0.0098 


0.0196 


0.0073 


0.0147 


0.00142 


92 


0.010869 


0.0094 


0.0188 


0.0070 


0.0141 


0.00135 


96 


0.010416 


0.0090 


0.0180 


0.0067 


0.0135 


0.00130 


100 


0.010000 


0.0086 


0.0173 


0.0065 


0.0129 


0.00125 



This shows a face-plate fixture used on various numbers of threads. 
On an ordinary driving plate is fitted a plate having, as shown, twelve 
holes enabling one to get two, three, four, or six leads if required. This 
ring carries the driving stud, and is clamped at the back of the plate 
by two bolts as an extra safeguard. All that is necessary in operation 
is to slack off the bolts, withdraw the index pin, move the plate the 
number of holes required, and re-tighten the bolts. It is used on dif- 
ferent lathes, as occasion requires, by making the driving plates alike 
and drilling a hole for the index pin. It is found that the index pin 
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works best when made taper, and a light tap is sufficient to loosen or 
fix it. 

"With this, you cut one thread to its full depth, or a partial depth if 
you prefer to leave a finishing cut to be taken after they are all roughed 
out, then pull the index pin and turn to the right point. There are 
fewer chances of springing a bar if the threads are partially cut in each 
place and then light finishing cuts are taken in all the threads. 



SQUARE THREADS 

Square threads are sometimes puzzling in two ways: in grinding 

the tools and in cutting the thread. The width of the tool is half the 

pitch because the land and the space must both be the same, although 

some make the space a little wider to allow for play and for any varia- 



Table 7. — Square-Thread Tools— Wid 



i Depth of Threads a 



f Thread Tool 



Pitch or Threads 


Single 


Double 


Triple 


per Inch 


Thread 


Thread 


Thread 


! 


0.5 


0.25 


0.166 


2 


0.25 


0.126 


0.083 


3 


0.166 


0.083 


0.055 


4 


0.125 


0.062 


0.042 ' 


5 


0.10 


0.05 


0.033 


6 


0.083 


0.042 


0.028 


7 


0.071 


0.035 


0.023 


8 


0.062 


0.031 


0.021 



tion in the pitch. In A, Fig. 85, a pitch of 1 to the inch is shown. This 
means either the distance from center to center of threads or from the 
face of one thread to the corresponding face in the next thread. 



DIMENSIONS OF SCREW THREADS 

While the table almost explains itself, an illustration may help a 
little. Let it be required to make a special nut, 1 inch diameter, 12 
threads per inch. From Table 6 we find the double depth of thread 
to be 0.1082 inch, which, subtracted from 1 inch, leaves 0.8918 inch, 
the required diameter of bore. This for a U. S. S. form of thread. 

Or, if we wish to know how far a nut will advance for one turn of 
a screw having 1% threads per inch, we find this from the column marked 
lead, opposite the number of threads per inch, to be 0.61538. 
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If it is a double or triple thread, we must be careful and not confuse 
pitch and lead. The depth of the square thread is usually the same as 
the width of the land or the space, although here again there is a differ- 
ence of opinion, some allowing clearance at the bottom. The square 
thread is rather difficult to cut on account of giving clearance on the 
sides to avoid rubbing from the angularity of the thread. 

In cutting double threads of square section, the same precautions 
must be observed as with V or other threads. Table 7 gives the width 




of square-thread tools for use in cutting single, double, and triple 
threads. 

ACME THREADS 
Square threads were not always easy to cut, and so it often happened 
that feed screws, lead screws, etc., were made flat top and bottom, but 





Table 8 


— Proportions op Acme Threads 




No. Threads 


Depth 
Thread 


Width at 


Space at 


Space at 


Thickness at 


per Inch, 


Top of 


Bottom of 


Top of 


Root of 


Linear 


Thread 


Thread 


Thread 


Thread 


1 


0.5100 


0.3707 


0.3655 


0.6203 


0.6345 


2 


0.2600 


0.1853 


0.1801 


0.3147 


0.3199 


3 


0.1767 


0.1235 


0.1183 


0.2098 


0.2150 


4 


0.1350 


0.0927 


0.0875 


0.1573 


0.1625 


1! 


0.1100 


0.0741 


0.0689 


0.1259 


9 1311 


6 


0.0933 


0.0618 


0.0566 


0.1049 


0,1101 


7 


0.0814 


0.0529 


0.0478 


0.0899 


0.0951 


8 


0.0725 


0.0463 


0.0411 


0.0787 


0.0839 


9 


0.0655 


0.0413 


0.0361 


0.0699 


0.0751 


10 


0.0600 


0.0371 


0.0319 


0.0629 


0.0681 
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with slanting sides of any angle that pleased the eye of the man who 
ground the thread tool. As these were neither square nor V, they soon 
had a name of their own and were called bastard. In some parts of the 
country this term is applied only to odd pitches, but any old lathe hand 
will recall bastard threads of a great variety of shapes and sizes. No 
two of these were alike, and the natural course of events brought about 
a standard which is now known as the Acme thread. The proportions 
for a pitch of one to the inch are shown in B (Fig. 85), and Table 8 
gives full details for other sizes. 

Tabu: 9. — Brown & Sharpe Worm Thread Proportions 

Worm Threads 



Pitch in 


w 


Depth 
of 

Thread 


Width of 


Width of 


Width of 


Width of 


Threads 


Tool Point 


Top 


Space at 


Root 


per 


Revolution 


or Bottom 

of Thread 


of 
Thread 


of 
Thread 


Top of 
Thread 


1 


1 


0.6866 


0.31 


0.335 


0.665 


0.69 


2 


0.5 


0.3433 


0.155 


0.167 


0.332 


0.345 


3 


0.333 


0.2288 


0.103 


0.111 


0.222 


0.23 


4 


0.25 


0.1716 


0.077 


0.084 


0.166 


0.17 


5 


0.20 


0.1373 


0.06 


0.067 


0.133 


0.14 


6 


0.166 


0.1144 


0.05 


0.056 


0.111 


0.115 


7 


0.141 


0.0981 


0.044 


0.048 


0.095 


0.098 


8 


0.125 


0.0858 


0.039 


0.042 


0.085 


0.086 



WORM THREADS 

The Acme thread is so near the worm thread that care must be taken 
to avoid using one for the other or getting the proportions mixed. The 
angle is the same, 29 degrees ; but the depth is greater, as can be seen in 
C (Fig. 85). This also shows an easy way to lay out the angle of 29 
degrees. 

Take a piece of sheet iron, draw a circle say 2 inches in diameter; 
draw a line through the center, as f i. Take one-quarter the diameter, 
or y% inch, in the dividers and mark off g and h from /. Connect g i 
and A i and the enclosed angle is 29 degrees. 

The point of the tool a b is 0.3lXthe pitch: the space c d is 
0.665Xthe pitch; and the height e is 0.6866xthe pitch, according to the 
Brown & Sharpe standard, or practically one-third deeper than the 
Acme thread. The details are given in Table 9. 
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CHASERS AND SPECIAL TOOLS 
A chaser, as known to the engine-lathe man, is a thread tool with 
several points, as in Fig. 86 ; when used, it is generally kept for finishing 
threads and not for roughing. The old chaser was like the one at the 
left, being a straight tool with threads cut in the end like a die chaser, 
this being cut with a hob tap. The other is a later development and 
though usually confined to screw machines is sometimes used in the 
engine lathe. It is made by cutting a thread of the desired pitch on 
a steel roll, milling out a flute and clamping the roll so as to bring the 
cutting edge at the right position on the work. It can be sharpened by 
grinding the face and will last until the whole roll has been ground 
away. Chasers are well thought of by many for finishing long threads. 




FiG. 86.— Thread ehaHfi-H 



One holder will handle all the rolls you make for different pitches of 
threads. 

Another form of threading tool might be called a turret thread 
cutter, in which the cutter resembles a milling cutter with different 
lengths to the teeth; it is known as the Rivett-Dock threading tool. The 
tool is brought up to the work and the shortest tooth takes a cut. Then 
the next longer tooth takes the next cut, and so on until the last tooth 
finishes the thread. There is no feeding of the tool into the work, as 
the cutter takes care of that and each tooth cuts only its own portion 
of the thread. 

There is a- great difference of opinion as to the best lubricant for 
use in chasing threads. Nearly every machinist has his pet screw- 
cutting oil, which includes fish oils, heavy crude oils, emulsions of soap, 
oil, and water, soda water with variations, etc., but perhaps most prefer 
pure lard oil. It is expensive, hut there is no economy in saving a little 
money and turning out rough threads on work where it should be nice. 



A TOOL FOR THREADING SLENDER WORK 

This tool may help out in a difficult job of threading slender work. 
The thread to be cut was 14 inches long, 5 per inch and left-handed. 
This was for a mandrel for winding springs of No. 20 spring brass wire. 

The outside diameter of arbor was 0.345 inch, the bottom of thread 
0.310 inch, and it had to be perfectly straight. The whole length of 
arbor was 18 inches. So a guide was made out of 2-inch square steel 
with a whole drilled through it the size of arbor ends, fastened on a 
strip to fit holder for tool post, planed out a place for a thread tool 




Fig. 87.— Thread tool for slender work. 



worked in and out by a screw, as shown in Fig. 87. The rest was quite 
easy, as this held the work straight while being threaded. 



TESTING THE LEAD SCREW OF A LATHE 

The lead screw is very seldom considered in buying a lathe unless 
it is bought especially for screw-cutting purposes. This screw can be 
easily tested on its own lathe to see what results it will produce. Having 
a large face plate on the lathe, take a surface gage, set it on a parallel 
across the ways and scribe a line on the edge. Run the carriage back 
as far as possible. Engage the half-nut. Gear for 4 piteh, then one 
revolution of the spindle will make the carriage travel % inch. On 
the ways behind the carriage clamp a small block of cast iron A, Fig. 88, 
in which is inserted a micrometer barrel, as shown in the sketch. On 
the carriage is a block B with a pin in the end the same diameter as 
the micrometer spindle. A 6-ineh distance rod is also needed. 

Turn the face plate D one revolution until the line is even with the 
needle of the surface gage C. Set the micrometer barrel at zero against 
the carriage. Turn the face plate 24 revolutions, try the 6-inch distance 
rod and see whether the distance is short, long, or correct. Move the 
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micrometer-barrel block up to the carriage and again set at zero; turn 
the lathe 24 revolutions more and test again. It is probably best to 



ratj^ 




38. — Testing the lead screw of a lathi-. 



test the screw every 6 inches, as this will be near enough for ordinary 
screw cutting. 



CHAPTER VIII 

THE LATHE INDICATOR AND OTHER SUGGESTIONS 

Perhaps the simplest example of using an indicator in a lathe is for 
locating a piece of work on the face plate or in a chuck. For ordinary 
work, where the limit of accuracy may not be closer than a thirty-second 
of an inch, the indicator is hardly necessary as you can locate the prick- 
punch mark or the hole, either by the eye or with the point of a lathe 
tool. But for really nice work the indicator is a fine tool, even in its 
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Fig. 89. — Another simple lathe indicator. 

cruder forms as shown in Pig. 89, which is one of many types in gen- 
eral use. 

This is simply a piece of steel, A, pointed at both ends and having 
the steel wire B fastened in a crosswise hole, with the long end bent 
down so as to be in line with the centers of A. It will be readily seen 
that as the arm B is much longer than the piece A the end of the pointer 
will multiply the distance the point C is out of center when the work 
is revolved. 

When the point C is exactly central, the point E will remain sta- 
tionary ; but if the point C is out of center one-hundredth of an inch 
the point E will travel in a circle having a radius as many times this 
as the distance from A to E is longer than from C to A. 
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To use this, a punch mark is made on the side of a lathe-tool shank 
and this fastened in the tool-post so that the punch mark comes as near 
the center of the lathe as possible. Then the point D is placed in the 
punch mark, the point C on the work and the work revolved, usually by 
hand. Watching the point E, tells the story whether it is sighted by 
the dead-lathe center or not. When the end of the pointer stands per- 
fectly still while the work is being turned, the center of the work is 
located at the exact center of the lathe. 

FINISHING UP WORK 
In the various operations of machining, fitting, and assembling of 
machinery and tools, too often little details in method and finish are 



OK 
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Fill. 90. — Finishing tho ends of work. 

overlooked, resulting in a finished article which is defective in operation, 
and unsightly to the truly mechanical trained eye. 

Were the little omissions referred to confined to the novice, it would 
be hardly worth while to mention them, but past experience has proved 
that the middle-aged journeyman is often as great a sinner in this 
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respect as the apprentice. It sometimes happens that those placed in 
charge, through lack of shop training, are not able to see small defects 
or judge their imortanee. 

Notice the first thread on the screw shown at A, Pig. 90. This is the 
way many so-called lathe hands turn the job over to the bench hand to 
finish with a file. 

After the thread has been cut to size, before removing the tool or 
work from the lathe, open the lead-screw nut, move the carriage by hand 
and chamfer as shown at B, leaving it finished as shown at C. This not 
only looks better but is better, and takes less time. The same method 
applies to the threading of a nut on the lathe. The above does not apply 
to harvesting machinery, but to tool work where accuracy usually is 
economy. 

To have the lathe boss bring you a shaft like this, with the centers 
as shown at D, is exasperating. And on protesting at his not having 
them faced off, to have him tell the bench hand to file "em" off, because 
"Bill hasn't any cutaway centers for his lathe and can't face them out!" 
This can be done by backing the tailstock center a little, and they can 
then be faced off the end clear into the countersink without a cutaway 
center. 

By looking at E, Fig. 90, it must be apparent to most any one that 
55 degrees is about the proper angle to grind a facing tool. This gives 
ample strength and permits facing close to the center without interfering. 

A DRILLING KINK 
Any one who has ever drilled a hole in a lathe by holding the drill 
with a dog, and feeding it in to the work with the tail spindle, has 
probably had the drill catch just as it broke through the work, draw 
off the center, and possibly break the drill 




A nood ilrilling kink. 
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To prevent this, especially in brass work, it is customary to grind 
the lips of the drill so that they have no top rake, or what corresponds 
to that in a lathe tool, but there is a better way, even without the use 
of a drill chuck of any kind. 

Put a piece of steel or a lathe tool into the tail post, backward, as 
is often done, but, instead of letting the dog rest on the top of the tool, 
have it rest on the tool-holder and back up against the tool, as shown in 
Fig. 91. This pulls the carriage along as the drill is fed into the work, 
and it effectually prevents any dragging of the drill into the work with 
the damage that often goes with it. 

THREE TYPES OF CENTERING MANDREL 

Arbor work, or the use of mandrel in order to have the last turning 
operations come true with the hole previously bored, has changed some- 
what in the last few years. Where a piece cannot be finished at one 
setting, as a blank for a change gear or similar work, it is customary 
to first bore the hole and face the hub. Then, in the old days, it would 
have been forced onto a mandrel which was made a very slight taper, 
from 0.001 to 0.002 inch per inch of length ; the mandrel driven between 
the lathe centers and the work turned off. If the mandrel is true the 
piece will then be finished square and true with the hole. 

All who have done this know of the occasional slipping of the piece 
through the cut being too heavy or the mandrel a trifle too small. They 
also know of the old way of enlarging the mandrel by prick-punching 
it to raise burrs all over it. If the work is not particular, it can be driven 
on over the burrs and will hold, though it will not be quite true. Or it 
can be ground after prick punching and trued up again. 

The solid mandrels took tons of steel and iron as each was good for 
only one size, and the expansion arbor came to be common on account 
of the saving in stock and the fact that you could vary them within 
reasonable limits to fit any size. 

When the hole is small in comparison with the outside diameter it is 
often difficult to drive work in this way and the work slipping or the 
mandrel bending are common occurrences. For this reason, as well as 
to facilitate the handling of work, the centering instead of the driving 
mandrel has come into use. Forcing a mandrel into the work takes 
time and this is avoided in the newer method. This means that the 
mandrel merely centers the work but does not drive it as shown in A, 
Fig. 92. 

In such cases the mandrel might be called a stud or pin and is car- 
ried in the lathe spindle, projecting just far enough to carry the work, 
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but usually not projecting through the hub. The piece is usually first 
chucked and bored and the face turned off at the same setting. Then, 
after the pieces are all bored, the centering mandrel is put in place, the 
face plate and stud screwed on and the lathe is ready. 

If the mandrel runs true and the face plate is square, it is very evi- 
dent that the work will run true with the hole. The blank is slipped 
on the mandrel so that the stud will come between the spokes or in the 
holes and drive the gear. Then a cap of center plug, as shown, is slipped 




— Centering i 



into the outer end of the bore to bold the work square and keep it in 
place, this being removed when the outer hub is squared. Or the hub 
is squared first and then the plug put into place. This is not necessary 
in all cases as the pressure of the facing tool will tend to keep the work 
against the face plate on cast-iron work. On steel castings or metal that 
rolls up a chip there is more danger of the work being palled off the 
mandrel and something must be done to prevent it. 

In some shops the centering arbor is fitted with a key, B, and the 
work is driven in this way. This necessitates key-seating or splining the 
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work after boring, but in a shop with a key-seater this is easily and 
quickly done. It is, of course, not advisable to use this method with 
work that is large as compared with the hole, it being always better to 
drive the work as far from the center as possible. This plan is used 
whether the work needs to be key-seated or not, for, as a rule, the key- 
seat does no harm whether it is needed or not. 

In work where the key-seat is objectionable or where there is no 
key-seater handy, the device shown in C is sometimes used. The man- 
drel fits and centers the work as before, but as the tool tries to turn 
the work on the arbor, the roller tends to roll up the incline, as in a 
roller ratchet, and holds the work from turning. There is always the 
tendency to erowd the work off center with this device, much more so 
than where the key is used, and may be objectionable on this account 
in very accurate work. 

This is modified in some cases by making the work bear only on the 
lower half of the arbor as in T>, and cutting away the upper half, allow- 
ing the roller to bite as before, so that it draws the bore of the work 
up against the mandrel. In this way the bearing part of the mandrel 
can be exactly to size instead of having a slight allowance for the work 
being slipped on. 

In all of these the object is to hold the work accurately and securely, 
to drive it steadily and allow it to be put on and taken off easily and 
quickly. 

With the mandrel best adapted for the work in hand, and face plates 
that allow the work to be held and driven, yet faced down on the back 
side, a large variety of duplicate work can be done on the engine lathe 
at a low cost, much lower than is usually considered possible. A fork 
tool can go down each side of the rim and face it to size, while a regular 
tool turns the outside diameter. Suitable stops allow the tools to be 
moved to the same place every time and in this way do away with much 
measuring, as they will all be alike except for the wear of tools. 

CARE OF THE LATHE 

Lathes and other shop tools deserve more care than they usually 
receive. This does not mean that it is necessary to polish every part 
of the lathe, and scour it all bright with emery cloth or other abrasive. 
In fact these should be used sparingly. If the lathe has been allowed 
to get "gummy" from the oil not being wiped off, use a little kerosene 
or benzine in preference to emery, and in very few cases should it be 
used on the ways; never if it can be avoided. 

When you see a lathe with the ways dented and scored and other 
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parts in a similar condition, it is safe to say the man in charge is not a 
high-grade machinist. Even if he is not responsible for the condition, 
he will endeavor to remedy it as quickly as possible, even in his own 
time, if no other is allowed him. Character shows up just as strongly 
in the shop as elsewhere, and unless a man or boy thinks enough of the 
tools he uses to take decent care of them, and has enough interest to do 
this, it is pretty safe to say he will never be a first-class machinist. If 
it is the right kind of a shop the care of the tools will be noted by the 
man higher up, and it counts when a better job comes along. 

A little oil and often is the best with lathes, and other machinery. 
The spindle bearings should be tight enough to prevent lifting or jump- 
ing, and require oil to prevent heating and cutting. Lathes with cast- 
iron bearings must be watched closely. Cast iron makes a fine bearing 
after it gets glazed, but it must not be allowed to run dry. Some careful 
machinists fill the top of the oil pipe (or bottom of the oil eup if there 
is one) with clean waste, to keep dust and chips from being washed down 
to the bearing with the oil. 

Keeping the ways lubricated is not easy, as the angle lets the oil 
run down, and it also attracts dust and dirt for the carriage to run over. 
The plan adapted by some of the best shops is to wipe the ways clean 
each morning, put on a few drops of oil, and run the carriage from 
one end to the other, so as to work the oil under it. Any surplus is wiped 
off to prevent its running down and gumming. 

The various bearings on the apron of the carriage should all have 
their little drop of oil, through the hole provided in the front of the 
apron. The back gears, the bearings of the feed rod, and the lead screw 
all deserve a little attention, as well as the screws and bearings of the 
cross-feeds and the tailstock. The dead center also needs a drop of oil 
occasionally, especially on heavy work. To assist in this, heavy centers 
are often provided with an oil groove on top for feeding the oil to the 
bearing. Some prefer to cut an oil groove in the center of the work 
itself, so that it will carry the oil around with it, but this is not usually 
considered advisable. 

KEEP THE LATHE-BED CLEAR 

The piling of work, of tools and other things on the lathe-bed and 
on the carriage is not a good plan. It marks up the bed, gets in the way 
of the carriage at times, and is usually more of a habit than a necessity. 
"While it is not a criminal offense, the habit should not be encouraged. 

When it is necessary to have work or special tools around they can 
usually be kept on the tool board at the foot of the bed. This tool 
board should have the sides raised enough to prevent the tools from 
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falling or being pushed off, and it can be double-decked if more room 
is needed. A common design is shown in Pig. 93 and can be modified 
to suit conditions and needs. Two strips underneath, to fit the inside 
of the ways, prevent its being accidentally pushed off the end. 




— A double-decked tool board. 



CAKE OF THE SPINDLE 

The center boles in the lathe spindles require especially good care, 
as the center will be thrown out of true if anything, even a thread of 
waste, is left in the hole or on the center bole. Even the "fuzz" from 
waste affects it on fine work, and for this reason some of the best me- 
chanics use a small brush or cloth instead of waste, for this purpose, 
When it is not being used, it is a good plan to insert a cork or a blank 
center to prevent dirt from entering. 

The threads on the nose of the spindle should also be well cared for. 
One trouble that arises is the "crossing" of threads in putting on chucks 
and face plates. This can be avoided by being sure that the chuck or 
face plate is held square with the spindle when putting it on. When 
no chuck or face plate is on the spindle, some protect the nose by screw- 
ing on a cap or slipping one of sheet metal over it. 

The centers themselves also demand good treatment if first-class work 
is to be done. They must not be dropped or used for hammers or center 
punches. 



Overhang of any part is always bad, though it cannot always be 
avoided. The lathe tool, the tail spindle, and the compound rest are all 
to be watched in this respeet. 

A COMMON FAILING 

Perhaps the most common abuse of a lathe or its parts is the practice 
of using the tool-post wrench for a hammer to force the lathe tool into 
position. Even men who are careful of the working parts of a lathe 
will do this at times, and it may be a trifle finicky to object to it. But 
it is just as well to avoid it before the habit is too firmly fixed. 

The weekly cleaning of lathes, usually the last half or quarter-hour 
on Saturday, is a good thing in many ways for most shops. In some 
cases it may pay to have special men to clean them after hours, but the 
mechanic is better fitted for this than a laborer unless the latter is 
especially trained for the work. The cleaning process, however, should 
not be turned into a scouring match, as sometimes happens. A clean 
lathe doesn't necessarily dazzle your eyes, but has the gum and dirt 
carefully wiped off. 



SECTION II 
DRILLS AND DRILLING 



CHAPTER I 
DRILLS 



The drilling machine, or drill press as it was formerly called, is- 
probably the most used machine tool, not even excepting the lathe. And 
yet it is only recently that sufficient attention has been given to it. The 
regulation vertical machine is shown in Fig. 1, and a radial machine in 
Fig. 2. But there are now so many modifications as to make it impos- 
sible to illustrate them all. They vary from the small, sensitive drilling 
machine for fine work, running up to 10,000 and 12,000 r.p.m., to the 
heavy-duty machines which can handle a 3-inch drill at an astonishing 
rate of speed. In between come the special machines with multiple 
spindles of varying numbers, some of thorn drilling from four or more 
directions. These have been developed largely for the automobile 
factories. 

The machines themselves require attention as do all other machines. 
The drills which are used, however, require special attention to secure 
the best results. Twist drills, which are commonly used, stand more 
stresses in proportion to their size and weight than any other tool. 
When they give trouble it is safe to assume that some of the conditions 
are wrong. If a drill is ground correctly the sides of the hole help to 
support the drill and prevent breakage. "When, however, the lips are 
not correctly ground the hole will be larger than the drill and this takes 
away the support. Figs. 3 to 6 show the effect of grinding the lips 
in different ways. 

With the lips of different lengths, even though the angles are the 
same, the drill cuts large as shown in Fig. 3. This also happens when 
the lengths and angles are both different, as in Fig. 5. Different angles 
alone cause uneven cutting, as in Fig. 4, but may not increase the size 
of the hole. 
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Drill Press— Parts of 


1. Main driving gears, bevel. 


is 


Feed -change handle. 


2. Back gears. 


19 


Sliding head. 


3. Upper cone pulley. 


20 


Face of column. 


4. Yoke to frame. 


21 


Back brace. 


5. Feed gears. 


22 


Belt shifter. 


6. Counterweight chains. 


S3 


Rack for elevating table. 


7. Feed shaft. 


24 


Table-arm clamping screws. 


S. Spindle. 


25 


Pulley stand. 


9. Back-gear lever. 


36 


Lower cone pulley. 


10. Column. 


27 


Belt-shifting lingers. 


11. Automatic stop. 


2rt 


Tight and loose pulleys. 


12. Spindle sleeve. 


2i) 


Table. 


13. Feed -trip lever. 


30 


Table-clamp screw. 


14. Hand-feed wheel. 


31 


Table arm. 


15. Quiei>return lever. 




Table-adjusting gear. 


16. Feed gearing. 


33 




17. Feed box. 


34 


Ball-thrust bearing. 




Fig. 2.— Radial drill— full universal. 



Drill, Radial— Parts of 



1. Vertical driving-shaft gear. 

2. Center driving-shaft gear. 

3. Elevating tumble-plate segment. 

4. Elevating-screw gear. 

5. Column cap. 

6. Vertical driving shaft. 

7. Column sleeve. 

8. Elevating-lever shaft. 

9. Elevating screw. 

10. Arm girdle. 

11. Arm -binder handle. 

12. Arm-miter gear guard, 

13. Arm- worm box. 

14. Arm pointer. 

15. Pull universal arm. 

16. Arm-clamping nuts. 

17. Arm-dowel pin. 

18. Arm shaft. 

19. Arm ways. 

20. Arm rack. 

21. Saddle. 

22. Reversing lever. 

23. Back-gear lever. 

24. Head-swiveling worm. 



25. Feed-trip lever. 

26. Index gear. 

27. Universal head. 

28. Quick-return lever. 

29. Feed-rack worm shaft. 

30. Spindle sleeve. 

31. Feed rack. 

32. Spindle. 

33. Saddle-binding lever. 

34. Feed hand wheel. 

35. Head-moving gear. 

36. Arm- swinging handle. 

37. Elevating lever. 

38. Clamping ring. 

39. Clamping-ring handle. 

40. Column. 

41. Column driving-m iters. 

42. Driving-shaft coupling, 

43. Driving pulley. 

44. Spml-change lever. 

45. Speed-box ease. 

46. Box table. 

47. Base. 
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For drills larger than % inch, machine grinding is most economical 
and is also used on smaller drills in many shops. Hand, grinding, how- 
ever, is largely used on small drills. When grinding carbon drills plenty 
of water should be used to prevent heating and drawing the temper. The 
drill should not be held in one position on the wheel for too long as it 
prevents proper cooling. High-speed drills are ground successfully both 
wet and dry — each has its advocates. 




Figs. 3-6. — Action of different drill points, 



The lips should be equal in length and angle, with sufficient lip 
clearance, but not too much back of cutting edge. The proper clearance 
gives an angle of about 45 degrees at the point, as shown in Fig. 6. The 
angle of the clearance should be about 12 degrees, and with soft metals 
this can be increased to 15 degrees as in Fig. 7. The cutting angle gen- 
erally used is 59 degrees each side of the center line, as shown in Fig. 8. 
Fig. 9 shows a method of seeing if lioth lips are ground alike. For cut- 
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ting brass or for thin stock, it is well to grind the cutting edge parallel 
with the axis of the drill, as in Fig. 10. This takes off the top rake of 
the cutting edge and prevents the tendency to draw into or through 
the work. 

The web, or central portion of the drill, can hardly be ground so as 
to give a cutting action. The point shown in Pig. 6 has been thinned 
by grinding on each side to reduce the non-cutting portion as much as 
possible. This must be done carefully, and not too much, or the point 
will crumble under a heavy feed. The thi nning should be done with a 







Figs. 7-10.— Grinding twist drills. 

narrow, round face wheel and the drill held so that the grinding com- 
mences on the curved portion of the plate. This is a delicate operation 
on small drills, but is a great help to their cutting qualities. 



WHEELS FOR DRILL GRINDING 

Wheels for drill grinding should be fairly soft and open so that 
they will not clog nor burn. The operation speed should be from 4500 
to 5500 surface feet. To avoid burning when grinding dry, bear very 
lightly against the wheel. "Watch carefully the surface from which the 
wheel leaves the drill in order to detect whether or not the temper has 
been drawn. Many times the operator is positive that he is not drawing 
the temper of high-speed steel because he cannot detect any changes 
in color, but this is because he is not looking at the surface which the 
wheel leaves. 

Wheels about No. 46 and K, L or M by the Norton method of grad- 
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ing, are recommended for the various drill-grinding machines. It some- 
times happens that wheels which are perfectly satisfactory for carbon 
drills, may be unsuited for high-speed dills, although in most cases they 
work well in both cases. 



SPEED OF DRILLS 
Drills run at their proper speed secure the most work with fewest 
grindings and breakages. The best practice is to use a speed that will 







Table 1.— 


-Table 


of Drill Feeds 










Inches 


op Feed per Minute a 


rCoTTi 


a Speed of 




CtCT 

Drill 


30 Feet— Steel 


35 Feet— Iron 


60 Feet— Brass 






















Minute 


Feed .004-.007 


Rev. per 
Minute 


.004-.007 


Rev. per 
Minute 


.004-.007 

per Revolution 


tV 


1834 


7.33 


12.83 


2140 


8.56 


14.97 


3668 


14.66 


25.76 


i 


917 


3.66 


6.41 


1070 


4.28 


7.49 


1834 


7.33 


12.83 


A 


611 


2.44 


4.27 


713 


2.85 


4.99 


1222 


4.88 


8.58 


1 


458 
367 


1.83 


3.20 


535 


2.14 


3.74 


917 


3.66 


6.44 




Feed .007 


.015 




.007 


.015 




.007 


.016 


A 


2.57 


5.5 


428 


3 


6.42 


733 


5.14 


11 


i 


306 


2.14 


4.6 


357 


2.5 


5.35 


611 


4.28 


9.2 


A 


262 


1.83 


3.9 


306 


2.14 


4.58 


524 


3.66 


7.8 




229 


1.60 


3.43 


268 


1.87 


4. 


459 


3.20 


6.88 




184 


1.28 


2.75 


214 


1.50 


3.21 


367 


2.57 


5.5 




153 


1.07 


2.3 


178 


1.25 


2.67 


306 


2.14 


4.6 




131 


.91 


1.95 


153 


1.07 


2.29 


262 


1.88 


3.93 




115 


.80 


1.71 


134 


.93 


2 


229 


1.60 


3.43 




102 


.71 


1.53 


119 


.83 


1.79 


204 


1.48 


3.06 




91.8 


.64 


1.37 


107 


.75 


1.61 


183 


1.28 


2.75 




83 3 


.58 


1.25 


97.2 


.68 


1.45 


167 


1.17 


2.51 




76.3 


.53 


1.18 


89.2 


.62 


1.38 


153 


1.07 


2.3 




70.5 


.49 


1.05 


82.2 


.57 


1.23 


141 


.99 


2.11 




65.5 


.45 


.97 


76.4 


.53 


1.15 


131 


.94 


1.96 




61.1 


.42 


.92 


71.3 


.50 


1.07 


122 


.85 


1.81 


2 


57.3 


.40 


.85 


66.9 


.46 


1. 


115 


.80 


1.73 


21 


51 


.36 


.71 


59.4 


.41 


.89 


102 


71 


1.53 


2i 


45.8 


.32 


.68 


53.5 


.37 


.80 


91.7 


.64 


1.37 


21 


41.7 


.29 


.02 


48.0 


.34 


.73 


83.4 


.58 


1.21 


3 


38. 2 


.27 


.57 


44. t* 


.31 


.07 


711.4 


.53 


1.15 
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give 30 feet a minute cutting speed for steel, 35 feet for east iron and 
60 feet for brass. This means that the outer cutting edge must run fast 
enough to make these speeds. For drilling steel with a V, s -ineh drill 
this gives 1834 revolutions a minute, while for brass it would be 3668 
revolutions. The table gives the speeds without any figuring for all 
drills up to 3 inches. This is for earbon steel drills, which should have 
plenty of lubricant. 

These speeds can be exceeded in many cases even with carbon drills, 
and can be doubled with high-speed drills, in fact from 75 to 150 feet 
is not uncommon, with 200 feet a possibility under good conditions. 
With a sharp, small drill at high enough speed, it is difficult to break 
them unless in a deep hole or the feed is extremely rapid. A y ie -inch 
high-speed drill at 10,000 r.p.m. will last a remarkably long time. The 
feeds in the table below can also be doubled in many cases. 



FEED OF DRILLS 
The feed of drills is usually given in parts of an inch per revolution, 
0.004 to 0.007 inch for drills of y 4 inch and smaller and 0.007 to 0.015 
inch for larger drills being recommended. This has been worked out 
into a table for the standard speeds to show inches of feed per minute 
for the three speeds given, which is more convenient. This is not an 
iron-clad rule but should be used with judgment. For high-speed steel 
these figures can be just about doubled. 



Table 2. — Data fob Drilling Cast Ikon at Feed of 1" per Minute 



Size 
of 
Drill 


Feed per 


Thrust in 


H.P. for 
llnch 


of 
Drill 


Feed per 


Thrust in 


H.P. for 
1 Inch 


Revolution 


Pounds 


Feed per. 
Minute 


Revolution 


Pounds 


Feed per 

Minute 


1 


0.02 


1300 


0.0035 




0.06 


8000 


0.02 




0.04 


2600 


0.0063 


2* 


0.02 


3200 


0.008 




0.06 


3900 


0.010 




0.04 


6500 


0.016 


1* 


0.02 


2000 


0.005 




0.06 


9700 


0.024 




0.04 


3900 


0.010 


3 


0.02 


3750 


0.009 




0.06 


.5800 


0.015 




0.04 


7700 


0.019 


2 


0.02 

0.04 


2500 
5300 


0.006 
0.013 




0.06 


11500 


0.029 



For carbon steel the values run from 1^ to 3 times these for east 
iron, increasing with the feed per revolution. 



84 DRILLS AND DRILLING 

Table 3. — Decimal Equivalents op Drill Sizes fbom \" to No. 1 



Size 


Decimal 


Size 


Decimal 


m. 


Decimal 


Equivalent 


Equivalent 


Equivalent 


i 


0.500 


3 


0.213 


ft 


0.0937 


H 


0.4843 


4 


0.209 


42 


0.0935 


44 


0.4687 


5 


0.2055 


43 


0.089 


H 


0.4531 


6 


0.204 


44 


0.086 


ft 


4375 


H 


0.2031 


45 


0.082 


tt 


0.4218 


7 


0.201 


46 


0.081 


z 


0.413 


8 


0.199 


47 


0.0785 


H 


0.4062 


9 


0.196 


ft 


0.0781 


Y 


0.404 


10 


0.1935 


48 


0.076 


X 


0.397 


11 


0.191 


49 


0.073 


ii 


0.3906 


12 


0.189 


50 


0.070 


w 


0.386 


ft 


0.1875 


51 


0.067 


V 


0.377 


13 


0.185 


52 


0.0635 


1 


0.375 


14 


0.182 


A 


0.0625 


u 


0.368 


15 


0.180 


53 


0.0595 


H 


0.3593 


16 


0.177 


54 


0.055 


T 


0.358 


17 


0.173 


55 


0.052 


S 


0.348 


ii 


0.1718 


ft 


0.0468 


H 


0.3437 


18 


0.1695 


56 


0.0465 


R 


0.339 


19 


0.166 


57 


0.043 


Q 


0.332 


20 


0.161 


58 


0.042 


ii 


0.3281 


21 


0.159 


59 


0.041 


P 


0.323 


22 


0.157 


60 


0.040 





0.316 


ft 


0.1562 


61 


0.039 


ft 


0.3125 


23 


0.154 


62 


0.038 


N 


0.302 


24 


0.152 


63 


0.037 


« 


0.2968 


25 


0.1495 


64 


0.036 


M 


0.295 


26 


0.147 


65 


0.035 


L 


0.290 


27 


0.144 


66 


0.033 


ft 


0.2812 


ft 


0.1406 


ft 


0.0312 


K 


0.281 


28 


0.1405 


67 


0.032 


J 


0.277 


29 


0.136 


68 


0.021 


1 


0.272 


30 


0.1285 


69 


0.029 


H 


0.266 


I 


0.125 


70 


0.028 


« 


0.2656 


31 


0.120 


71 


0.026 


G 


0.261 


32 


0.116 


72 


0.025 


F 


0.257 


33 


0.113 


73 


0.024 


E-i 


0.250 


34 


0.111 


74 


0.0225 


D 


0.246 


35 


0.110 


75 


0.021 


C 


0.242 


ft 


0.1093 


76 


0.020 


B 


0.238 




0.1065 


77 


0.018 


« 


0.2343 


37 


0.104 


ft 


0.0156 


A 


0.234 


38 


0.1015 


78 


0.016 


1 


0.228 


39 


0.0995 


79 


0.0145 


2 


0.221 


40 


0.098 


80 


0.0135 


ft 


0.2187 


41 


096 







One inch flat twisted drills have been run from 313 to 575 r.p.m., 
with feeds of 11.27 and 28.1 inches per minute and required from 5.22 
to 11.60 actual horse power. 



TAP DRILL SIZES FOR REGULAR THREADS 

These sizes give an allowance above the bottom of thread on sizes 
Vi« to 2; varying respectively as follows: for "V" threads, 0.010 to 
.055 inch ; for U. S. S. and Whitworth threads, .005 to ,027 inch. These 
are found by adding to the size at bottom of thread, 14 of the pitch for 
"V" threads, and y 8 of the pitch for U. S. S. and Whitworth, the pitch 
being equal to 1 inch divided by the number of threads per inch. In 
practice it is better to use a larger drill if the exact size called for can- 
not be had. 

Table 4.— Top Drill Sizes 



Size 


No. 

of 

Threads 


Size of Drill 


Size 




Size of Drills 


of 






of 

Tap, 


No. 
Threads 








Tap, 














Inch 


U. S. S. 


V 


W 


Inch 




U. S. 8. 


V 


W 


A 


24 


0.138 


0.111 


0.120 


a 


9 


0.808 


0.790 


810 


i 


20 


0.191 


0.184 


0.192 


1 


8 


0.854 


0.832 


0.856 


A 


18 


0.238 


0.239 


0.239 


1A 


8 


0.917 


0.894 


0.919 


i 


16 


0.302 


0.293 


0.303 


il 


7 


0.957 


0.932 


0.960 


A 


14 


0.354 


0.345 


0.355 


il 


7 


1.082 


0.057 


1.085 


i 


13 


0.409 


0.399 


0.410 


11 


6 


1.179 


1.144 


1.182 


4 


12 


0.402 


0.391 


0.403 


u 


6 


1.304 


1.269 


1.307 


A 


12 


0.465 


0.453 


0.466 


l! 


51 


1.412 


1.372 


1.416 


I 


11 


0.518 


0.056 


0.520 


U 


5 


1.390 


1.347 


1 394 


H 


11 


0.581 


0.568 


0.583 


u 


5 


1.515 


1.472 


1.519 


I 


10 


0.632 


0.618 


0.634 


u 


5 


1.640 


1.597 


1.644 


11 


10 


0.695 


0.680 


0.697 


H 


41 


1.614 


1.566 


1.619 


i 


9 


0.745 


0.728 


0.747 


2 


4! 


1.739 


1.691 


1.744 



A very simple rule, which is good enough in many cases, is : 
Subtract the pitch of one thread from the diameter of the tap. 
A %-inch tap 16-thread would be % minus 1 / lv : = s / ia drill j a %-inch 
tap, ten-thread, would be % minus Vio =76 /ioo — 10 Aoo or 0.75—0.10= 
*Vioo ° r 0.65, or a little over % of an inch, so a %-inch drill will do 
nicely. "With a 1-ineh tap we have 1— %=y8-"icli drill, which is a little 
large but leaves enough thread for most cases. If more thread is wanted, 
subtract less than one pitch from outside diameter. 
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Table 5. — Tap Drills fob S. A. E. (A. L. A. M.) Thbeadb 



Size of 


Threads 


Sue of Drill, 


Si*, of 


Threads 


Sise of Drill, 


Tap 


per Inch 


Iodra 


Tap 


per loch 


Inches 


i 


28 


ft 


i 


16 


ft 


A 


24 


H 


I 


14 


H 


| 


24 


H 




14 


B 


ft 


20 


1 


U 


12 


1A 


) 


20 


ft 


1* 


12 


'A 


ft 


18 


1 


H 


12 


i*i 


1 


18 


H 


H 


12 


ift 


H 


16 


H 







The tap should be between 0.002 and 0.003 inch large for clearance 
between top and bottom of threads. 



CHAPTER II 

DRILLING TOOLS 

AH INEXPENSIVE COUNTERBORE 
When the twist drill has served its original purpose and is ready for 
the scrap bos, it can still be made a very efficient tool if even the shank 
and a small part of the flute are left. By annealing the stub and drill- 
ing and reaming a taper hole for an inserted pilot, and also drilling a 



Fig. 11. — An easily made counterbore. 

small cross-hole for removing the pilot, then rehardening, it becomes a 
very efficient tool, as shown in Pig. 11. There are plenty of scrap drills 
around the majority of small shops but a scarcity of counterbores and 
facing tools. 

MAKING SMALL DRILLS FOR WATCHES 
It is often necessary to drill a large number of small holes in metal 
disks used for watches and instruments. It is not possible to obtain 
the eorrect size of the drills and it is rather difficult and expensive to 



m W 1 

Fig. 12. — Holder for small drills. 

make many small accurate drills satisfactorily. The main difficulty is 
to replace them without getting slight differences in the diameter. 

A good solution of this problem is shown in the illustration. Take 
a needle and temper it, then break both ends of the needle off and grind 
it on a fine emery wheel or oil stone. Very thin needles should be 
soldered or driven into a piece of brass rod, to hold them more firmly 
in the chuck. Fig. 12 shows how this is done. 
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A CENTER DRILL CHUCK 



A convenient spring collet, in which badly worn or broken lathe 
centers can be used to advantage, is shown in Fig. 13. It is not advis- 
able to use hardened centers, as they would have to be annealed, machined 
and then re-hardened. If the collet is to be permanent, much time can 
be saved by choosing a soft center, drilling and slitting as shown, then 
hardening and grinding. 

The collet shown is exceedingly convenient for all small drilling and 
centering operations and may be used in either the live spindle or the 
tailstoek. As far as speed is concerned, it can be handled as easily as 
a regular spring collet with draw-in rod; for in using this device you 
simply choose a collet and drill of corresponding size, insert the drill, 
place the center in the spindle bore and drive it home by means of the 
small section of tubing and a soft hammer. The pieoe of tubing ia placed 




PiG. 13.— Collet chuck for center drills. 

over the drill, as shown in the drawing. A light blow with a soft ham- 
mer, on the end of the tubing, secures both collet and drill, ready for 
service. The whole arrangement is removed just as is an ordinary 
center. The bearing upon the drill, reamer, etc., is also mechanically 
correct as shown at A. 

The collet may be elaborated somewhat, to its advantage, but if too 
much work is to be expended upon it, it would be better to make a 
standard spring collet ; for that reason the collet is shown here in its 
simplest form. 

As to whether this form of collet will "hold," it will probably be 
sufficient to remind ourselves that large cutting eenters are regularly 
held in the same way. 

A SMALL SPOTTING TOOL 

Pig. 14 shows a tool designed to take the place of a prick-punch in 
laying out accurate work. It is often desirable to limit variations of 
drilled holes to say 0.002 inch or so. In prick-punching intersecting lines 
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of a piece of work that has been laid out, the mark is seldom correct. 
With this little tool, which is light and sensitive, one can feel the cut- 
ting point strike first one line then the line intersecting. If held fairly 
vertical and pushed downward rapidly, the little flat drill at its end 



Fig. 14. — A small spotting tool. 

will cut a mark, not merely produce an indentation. Its correctness is 
easily determined with a magnifying glass. There will be no burr, nor 
a confusing rim of displaced metal to misguide the workman. The 
point is easily kept sharp with an oilstone. 



CHAPTER III 

A FEW DRILLING KINKS 

METHOD USED WHEN DRILLING SHALL HOLES 
The attachment Fig. 15 was designed to be fastened to the sleeve of 
a sensitive drill press. It is adjustable for different lengths of drills by 
the nuts A and is held to a collar B. The rod C was thinned at the 




Holding work from turning. 



lower end to allow for spring. It was made of drill rod, hardened and 
tempered blue. 

When first drilling the pieces it was found that there was sufficient 
friction against the machine table to prevent the work from turning 
until the drill was just breaking through. The device provided the 
necessary additional friction to hold the piece, and as it is always oat 
of the way. when changing the piece there is no delay. 
90 
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The work Pig. 16 was simply pushed over the edge of the table into 
a box after being drilled. The same method of holding was used when 
tapping the pieces. The pieces were drilled with the tool revolving at 
1100 r.p.m. at the rate of approximately 700 per hour. The tap revolved 
at 550 r.p.m. and the production was 1000 per hour. 



SIMPLE WAY OF OILING DRILLS 
A number of flat strips of 1,4-inch thick steel required the drilling 
of a number of */„-inch holes. The operator started on the work feeding 
down the drill and occasionally placing oil with a stick on the tool to 
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assist in cutting and keeping the tool cool. After a time the man got 
tired of stopping the drilling operation to apply the oil and solved the 
problem in the following simple manner: 

Taking an empty tin A, Fig. 17, he filled it with oil and fastened 
it to the machine table with a narrow iron strip or clamp B. Through 
this clamp he previously drilled a hole slightly larger than the size of 
drill. The steel C to be drilled was then fed over the clamp, and as 
the holes were drilled the tool was allowed to pass through into the 
oil. When the drill was drawn up with the machine a quantity of oil, 
sufficient to lubricate the tool for drilling, was carried up the flutes. 

Chips that gathered in the box were occasionally removed from the 
side and the supply of oil was renewed as required. This simple con- 
trivance materially increased the man's output. 
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Nothing looks worse in a shop than to see the tables of drilling 
machines all marked up with drill holes where the point of the drill 




Fig. 18.— Saving the Drill Tabic. 

has been allowed to go through the work and into the table. The V 
block shown in Fig. 18 will be found very convenient in preventing this. 




Fig. 19. — Ad adjustable universal centering jig. 

Sometimes rings of convenient size are placed under the work for the 
same purpose. 

Pigs. 19 and 20 show two ways of guiding drills without special 
jigs for each piece. In Fig. 19 the arm .4. which clamps to the slide 
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on the column, carries drill bushings which can be readily changed for 
different sized drills. This requires the piece to be properly located 
in a chuck or other device. 

A different method is shown in Fig. 20 where the arm A centers 




Fio. 21. — One jig that replaced several hundred. 



the work by means of the coned surface shown. These can be made 
separate from the arm and of different sizes or the whole arm can be 
changed very easily. The spring B helps to raise the arm out of the 
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way of the work. It is held down in contact until the drill has fairly 
entered the work. 

The simple drill jig shown in Fig. 21 replaced a very large number 
of individual jigs for drilling cotter pin holes in small shafts, from ■/» 





i. 22. — Convenient V -blocks 
times made from round pipe. 



Fig. 23.— This universal V-block will 
hold round stock and spheres. 



inch to 1 inch in diameter. It will be noted that the V block A has 
two sizes of V's, so that it ean be used either side up. Standard slip 
bushings are used in the angles B and C. 

The illustration shows clearly how the jig is quickly adjustable to 
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any shaft within its range and to any distance between centers of the 
holes to be drilled. Particular attention is called to the scale embedded 
in one side of the jig. The scale is so placed that the right-hand edge 
of the movable bracket indicates the distance between centers of the drill 
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bushings, thus eliminating any necessity of measuring or ealipering 
when setting up for any particular job. 

Two other forms of V blocks are shown in Figs. 22 and 23. The 
first is made from a piece of pipe, which can be modified to suit the 
work in hand. In the example shown, the cross bar A centers the lower 
end of the piece to be drilled and insures the holes being parallel with 
the shank. 

Fig. 23 shows a block with V's on four sides and cross V's on two 
sides. These cross V's enable a ball or sphere to be firmly held for drill- 
ing and locates them always in the same place. 

Another method is shown in Fig. 24 and explains itself. 



CHAPTER IV 

JOBBING WORK ON THE DRILLING MACHINE 

CROWN-MILLING PULLEYS ON A DRILLING MACHINE 
A rather unusual method of crowning pulleys is shown in Pig. 25. 
The special fixture is clamped to the table of an ordinary drilling ma- 
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chine, and the machine itself is practically unchanged except for the 
placing of a small pulley over the lower end of the spindle to drive from. 

The insert ed-tooth milling center A is held in the spindle, which is 
made to run at the proper speed. As the spindle turns it runs the pulley 
B and, through a pair of spur gears at C, operates the worm and worm 
gear D and E. As the worm gear E is mounted on the same shaft with 
the pulley to be milled, the pulley is slowly turned as the milling cutter 
in the spindle surfaces it off. The pulley B may be set up or down on 
the shaft F by means of a setscrew in its hub, in order to accommodate 
different sizes of pulleys to be crowned. 

This device is used in the shop of the F. W. Lindgren Co., Rockford, 
111., to machine the pulleys used on the small drilling machines made by 
them. 

RECTJTTING A STRIPPED THREAD IN AXLE HOUSING 

A stripped thread in an automobile rear-axle construction, as shown 
at A, Fig. 26, was handled as follows: The bar B was made from a con- 
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Fig. 215. — Rccutting a stripped thread. 

venient piece of cold-rolled turned to fit the drill-press spindle and 
threaded with the desired number of threads on the lower end. A round 
hole and setscrew held the tool in place. 

A scrap of bar stock C was faced and tapped at one end to fit the 
threaded portion of B. Two bolt holes were drilled and the piece 
clamped on the table of the drill press, with the threaded hole in the 
center. "With the housing in place over C, the bar was inserted and the 
work trued with the bar; then the feed was thrown out, leaving the 
spindle free to follow the screw on the bar B. 
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Using a broad tool, the hole was bored, after which the threads were 
cut and polished by running the tool up and down several times without 
changing the setting. While this is not a new kink, it will often be found 
useful. 

REBORING A SPINDLE IN PLACE 

On a vertical drilling machine the bore commenced to run out of 
true. It meant much work to dismount the spindle and bore in the 




Fid. 27. — Eeboring a spindle. 



ordinary manner, so the job was done as shown in the illustration. 
Clamping a lathe tool post on an angle-plate, the spindle was rebored, 
as shown in Fig. 27. 

A RAILROAD SHOP KINK 

In Fig. 28 is illustrated a brass locomotive-hub liner to be drilled 
and countersunk, as shown at one of the end holes. The various opera- 
tions for producing this work in quantities are as follows: First, the 
liners are brought to the bench, am! the location of each hole is center- 
punched through a plate jig. A very heavy punch mark will enable 
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the hole to be drilled close enough. After being center-punched the 
liners are taken to the drilling machine, in the table of which the three 
holes A, B and C have been drilled. 

The rig D is merely a leaf jig, so to speak, and is made up of a 
leaf and a drilled block secured to the drill-press table by a %-ineh 
bolt. A stop pin is provided, as shown. The distance between the under 
side of the leaf and the table is about '/ 32 inch greater than the thick- 
ness of the liner, to allow for possible burrs, etc. 

One end of the liner is slipped under the leaf, the %-inch drill is 




Fig. 28.— Drilling hub linor. 



Fig. 29. — Threading- plugs. 



brought down into the punch mark and the first hole drilled, the stop 
pin being placed in the hole A. All the liners are so drilled at this 
setting. Then the stop pin is placed in the hole B, and the center hole 
in all the liners is drilled. Last, the stop pin is placed in hole C, and 
the last hole is drilled in all the liners. The stop pin, as its name indi- 
cates, is merely a stop. The leaf is to prevent the liner from breaking 
the drill by running up on it under the excessively heavy feed. 



MANUFACTURING ON THE DRILLING MACHINE 

A simple, yet practical job of manufacturing on a drilling machine 
is shown in Fig. 29, where plugs are being threaded by driving them 
through a die as shown. The plugs have square holes or recesses for 
screwing them into place and these squares are used for driving them 
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through the die. Opening at the sides of the framework allows them 
to be pushed out of the way. 

A much more complete manufacturing equipment is shown in Figs. 
30 to 35, inclusive. 



MACHINING CONE PULLEYS OH A DRILLING MACHINE 
On the drilling machines made hy F. W. Lindgren Co., Rockford, 
111., the cone pulleys are machined all over, most of this work being done 
in a drilling machine fitted with special chuck and tools. 









Flu. Si Fio. 34 Tiq. 35 

Plus. ."(i-S,".— Maohiniiss I'otip pnllcT on n drilling machine. 

The tools for machining the inside of the pulleys are illustrated in 
Fig. 30. The pulleys are in five steps, 1?$ inches wide, the Bmallest step 
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being 2 inches in diameter. The pulley to be machined is placed in the 
spindle chuck, as at A, and held in by setscrews. It is then brought 
down over the cone tool, and the cutters at B and C machine the inside 

of the steps, the outside of the center and partly clean up the small end, 
leaving the inside as at D, 

The chuck to hold the cone is removed in Fig. 31, in order to show 
the inside. The place where the small step of the cone goes in is taper- 
bored, so as to act like a self-centering device. The rest of the cone 
is centered so as to run approximately true by means of the two sets 
of setscrews conveniently located for tightening and releasing, 

After the inside has been machined out, a center drill is placed in 




Fig. 36. — Fixture for boring bushings. 



the tool block, Fig. 32. As can be seen, the center drill is held in a 
holder having a keyway on one side. The holder fits in the bore of the 
tool block, over a key that keeps it from turning. This tool not only 
carries a center drill, but also a tool for finishing the end of the pulley 
center. Next, the center-drill holder is removed, the twist-drill holder 
A is put in, and the center, or spindle, hole is drilled. This is followed 
by reamer B, leaving the work as at C. A simple jig is next used to 
drill two driver holes at D. In actual use, a steady-bracket E, Fig. 33, 
is used close down to the tool block, but this was omitted in the previous 
illustrations in order to show the parts better. 

The outside of the cone is turned as in Fig. 34, which shows the cuts 
finished and the tools just being drawn back. The tools are fed by 
means of a ball crank. The cone is shown removed in Fig. 35. It 
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will be seen that the part A of the holding fixture is beveled so as to 
receive and center the large end of the cone. The pilot spindle fits the 
spindle hole of the eone, and the piece is held on by the nut B. The 
pulley is kept from supping by means of the two driver pins C, which 
enter the two holes previously referred to. The lower end of the pilot 
D fits a bushing in the table bracket and steadies the work during the cut. 
Other interesting examples of unusual work on drilling machines are 
shown in Figs. 36 to 39. These show just how rapid boring of rather 
difficult pieces was done on heavy type drilling machines. 

RAPID BORING ON HEAVY DRILLING MACHINES 
The fixture shown was designed to meet the requirements of one 
department in an automobile -axle plant having a number of different- 
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Fig. 37. — Reamer bar and cutters. 



shaped castings to bore and face. These wore formerly machined in 
screw machines, but this fixture enabled them to be bored and faced in 
a battery of four Baker drilling machines. One man operates the four 
machines at a saving in labor cost as well as floor space, which meant 
a great deal to this department. 

As can be seen in Fig. 36, the fixture is an easy one to manufacture 
and the first cost is small. The bushing marked C will have a hole about 
V 1S inch larger than the hole in the casting to be bored. The height 
of the shoulder on this bushing depends on the length of the casting to 
be bored, as it is good practice to have the screw with handwheel D 
come in the center of the casting length. The dimensions B and A can 
be made to suit different lengths of work. It takes but ten seconds to 
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insert and remove castings. The leaf F is swung open, the casting in- 
serted, and the leaf swung shut and locked with the lever E. Pressure 
is brought against the casting with the handwheel screw D. 







Fig. 38. — The boring bars. 

The accompanying sketches show some of the irregular-shaped cast- 
ings as well as straight work, the pieces being all of malleable iron. The 
boring bars are shown in Fig. 37, these also being very simple to make. 
A short roughing high-speed reamer having 6 flutes is shown at A. 




Fig. 39.— Some of the work done. 

This is followed by a finishing high-speed 12-flute reamer as B to do 
the finishing. The pilot G follows the reamers to keep the hole straight 
where it is so much longer than the reamers. The facing tool D com- 
pletes its work after the finishing reamer B goes through the hole. 
A shorter bar is shown in Pig. 38. This is similar to Pig. 37 except- 
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ing for the pilot back of finish reamer. When only one machine is used, 
a feed of iy 2 inches per minute can be maintained on the castings shown 
in Fig. 39. But when a battery of four machines is used, the feed will 
have to be set to accommodate the length of bore which governs the load- 
ing and unloading of each fixture. 

The casting A, Fig. 39, was machined at the rate of 600 per 10 
hours on four machines. Two roughing reamers and one finish reamer 
were used up in producing 57,315 holes 2.246 inches in diameter, 2y 2 
inches long. The roughing reamer removes % inch of metal on each 
side and leaves O.012 inch on each side for the reamer to remove. The 
time required is shown in table in Fig. 39. This includes time for in- 
serting and removing castings. 



SECTION III 
HAND AND AUTOMATIC SCREW MACHINES 



TURRET LATHES AND HAND SCREW MACHINES 

There are many types of hand screw machines, and turret lathes and 
turret machines with hand and power feed, with numerous examples of 
the latter so arranged as to be semi-automatic in their operation after 
the work has been placed in position in the chuck. The limitations of 
this treatise make it impracticable to enter into full description of all 
of the various makes of tools of these classes. Illustrations are therefore 
presented in this chapter of a few types of turret lathes with brief de- 
scription of certain important features of construction and operation. 
Numerous examples of various forms of turret and cross-slide tools are 
also included. These tools are in many cases similar to those used on 
automatic screw machines and details of construction and methods of 
upkeep and operation are fully covered in the Section IV of this book, 
to which the reader is referred for information relating to screw machine 
tools in general. 

THE HAND SCREW MACHINE 

The half tone Pig. 1 illustrates one of the hand screw machines built 
by the Pratt & Whitney Company, Hartford, Conn. This machine is 
constructed in different sizes of the same design as the example shown. 
Famitfarity of the general reader with screw machines of the hand type 
makes it unnecessary to give detailed description of the machine as a 
whole, but certain features may be pointed out as of special value and 
interest. 

Operation of the hand lever at the left, Pigs. 1 and 2, controls the 
opening and closing of the chuck in the spindle nose and accomplishes 
the feeding of the bar of stock through the spindle and chuck. The 
chuck or collet seen in Pig. 2 is of the form shown in the second section 
of this book and methods of making and using are therein taken up in 
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Fig. 1. — Small hanil screw machines. 




Fig. 2.— Head end of lathe. 



TURRET LATHES 



107 



detail. The system of stops for the turret is well shown by the half tone. 
These stops are placed at the right-hand end of the machine and there 
is a separate stop for each turret tool. The pressure against the stops 
A, Pig. 1, is taken by a stop lever B, the oscillation of which is governed 
by a cam cut on the lower periphery of the turret. A roll D trans- 
mits the oscillating action to the stop lever through the medium of shaft 
E, which is under spring tension so that the roll is kept in proper con- 
tact with the cam. The stop lever B is always reinforced by the pro- 
jection F, which is a part of the turret slide, so that a positive backing 
is secured at all times regardless of the pressure applied to the operating 
lever by the workman. 



A FEW OF THE TOOLS 

In Fig. 3 a number of tools are shown as used with this type of 
machine, for turning, pointing, etc. Thus tool A is a single radial box 




Fig. 3.— Tools for the machine. 
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tool, that is, it has a cutter located radially so that it may be adjusted 
for diameter without altering its lateral position. The hack rests are 
of the V type, hardened and ground, as is also the seat in the body of 
the box tool. Tool B is a tangent box tool with two cutters known as a 
multiple tangent box tool, with the cutter located tangentially to the 
work, which makes it more suitable for heavy cuts. This arrangement 
admits of two diameters being turned simultaneously. Tool is a 
radial bushing box tool in which the stock to be turned is guided in a 
hardened and lapped bushing. Tools D and E are single tangent tox 
tools, right and left hand. The box tool at F is a multiple radial tool 
for taking two cuts at once ; G is a pointing tool ; H a swinging recessing 
tool ; / a floating tool holder for hollow mills, drills, reamers, counter- 
bores and other internal cutting tools, where absolute alignment with the 
center is necessary to prevent them from cutting oversize. Among 
other tools used with this machine are tap and die holders, knurling 
tools, plain hollow mill holders, centering and facing tools, etc. Par- 
ticulars of many such tools will be found in the second section of this 
volume along with other details already referred to. The size of screw 
machine described is the No. 1 and has a chuck capacity of T /„ inch 
with a maximum turning length of 2y 2 inches. The No. 2 machine of 
the same make has a chuck capacity up to % inch and a maximum turn- 
ing length of 4y, inches. 

LARGER MACHINES OF THE TURRET LATHE CLASS 

Considering now certain types of larger machines known as turret 
lathes, Fig. 4 shows a Pratt & Whitney tool with a capacity for bar 
stock up to 2 inches diameter and a maximum turning length of 26 
inehes. This machine is adapted also for chucking operations and will 
swing over the bed 16^4 inches while the swing over the cross slide is 
8 : 54 inehes. As illustrated in Fig. 4, the machine is shown set up for 
piston ring work, the nature of the tools being chiefly seen in the view. 
Here turret and cross slide are provided with both power and hand 
feeds. The turret slide has independent adjustable stops for each turret 
face and the cross slide has adjustable stops governing both forward 
and backward movements of the slide. The spindle has 27 speeds rang- 
ing from 14 to 694 revolutions per minute, so that the machine is adapted 
to a wide range if work both on bar stoek and on castings and forgings, 
In connection with bar stock operations, Fig. 5 is shown as a form of 
open side turning tool used on the turret of this machine. The photo- 
graph shows the method of adjusting the tool and the arrangement of 
stops, etc. 
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Flfl. 4.— Two-inch P. & W. turret. 




Fig. 5. — Open-side turning tool. 
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The 21/2 by 26 inch turntable lathe of the same company is repre- 
sented by Pig. 6 herewith, this illustration showing the machine aa set 
up for producing bevel gears. Like the other machine just described, 
it is adapted to both bar and chucking work, the capacity through the 
automatic rod chuck (which has power feed) being 2y 2 inches, while 
the maximum length which may be turned is 26 inches. It swings over 
the bed chucking work up to 20 inches diameter and the swing over 
the special forming slide is 11 inches. 

The carriage of this machine is equipped with a turn table of 
hexagonal form measuring 18 inches across flats. The tools are secured 




Fig. 6.— P. & W. Turntable lathe 

directly to the flat face of this turntable. These tools are of simple type 
for standard work as indicated by illustrations that follow. For special 
operations the requisite tools and attachments are readily mounted on 
the turntable and operated with the convenience of standard equipment. 
The set up in Fig. 6 is of special interest as representing the method 
of machining automobile parts such as bevel gears and the like. 

The carriage has a wide range of power feeds and the turntable 
similarly has a wide range of transverse feeds upon the carriage, both 
feeds being in either direction. Micrometer dials graduated in thou- 
sandths provide for accuracy and the series of nine carriage stops and 
eight turntable transverse stops facilitate the handling of all classes of 
machining operations. The positions of these stops are shown by the 
general view Fig. 6. The turntable stops and the construction of the 
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table itself are best seen in Fig. 7. The eight spindle speeds range from 
10 to 251 revolutions per minute, the head being of the all geared, con- 




Pio. 8. — A universal turner. 

stant speed type. The arrangement of the controlling levers for speeds 
and feeds is clearly seen in the view Fig. 6. 
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Of the various tools in the equipment of this machine, Fig. 8 is a 
universal turner with jaws and roller back rests for bar operations, and 
Fig. 9 a taper turner which is controlled by the taper bar at the top 
of the tool slide. The radial adjustment of the tool is accomplished 




■Taper turning tool. 



through the taper bar block and screw. The slide is under spring ten- 
sion to assume proper contact between the taper bar block and the 
taper bar when the tool is in operation. 

UNIVERSAL HOLLOW HEXAGON TURRET LATHE 
The machine illustrated by Fig. 10 is the 3-A universal hollow hexa- 
gon turret lathe built by the Warner & Swazey Company, Cleveland, 




& Swazey turrel. 
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Ohio. This is one of several sizes of the same type of machine and is 
adapted for handling both bar stock and chucking work, the set up 
illustrated showing the chucking equipment. On bar operations the 
machine has a capacity up to Sy 2 inch by 44 inch work, and by substi- 
tution of a larger spindle and automatic chuck the capacity is extended 
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Fig. 11. — Some Warner & Swazey IooIh. 

to work 4y% inches in diameter. On chucking work the capacity ia 
2iy 2 inches swing over the bed and HYi inches over the carriage. 

The all-geared head gives 12 forward and reverse speeds, the car- 
riage has 10 feed changes in either direction and the turret saddle has 
a similar number of feeds, and a power rapid traverse. Complete sets 
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of independent stops are provided for carriage and turret and adjustable 
stops for automatic release of the power rapid traverse. Engaging either 
the power feed for the turret or for the rapid traverse disengages the 
other thus obviating possibility of damage to any part. The arrange- 
ment of all controlling levers and handles is well shown by the illus- 
tration, as is also the general character of the chucking equipment. 

A few of the tools manufactured by this company for their various 
lines of turret lathes are shown by Fig. 11. These are for the most part 
for use in chucking operations, and do not include the very complete line 
of box tools, taper turners, die holders, knurling tools and other equip- 
ment made by the Arm for machining parts from bar material. 

In the chapters that immediately follow several types of automatic 
screw machines are illustrated and methods of setting up and camming 
them are described in detail. A considerable number of turret and 
cross slide tools are also shown in connection with the machines them- 
selves, but for complete data pertaining to such tool equipment reference 
should be made to the second section of this volume. 



CHAPTER II 

CAMMING THE PRATT & WHITNEY AUTOMATIC SCREW 
MACHINE 

A diagram of the Pratt & Whitney automatic screw machine with 
a set of cams in place is given in Fig. 12, 8 being the chucking drum ; 
T the turret-slide drum ; U the disk for the cross-slide cams ; V the disk 
which carries the dogs for controlling the feed motion; W the disk 
whose dogs operate the lever for shifting the spindle-driving belts. 
Fig. 13 shows the development of the two cam drums with cams arranged 
for operating on a piece like Fig. 14. It will be seen that the turret 
cams fill the periphery of the drum, which is a desirable feature in the 
majority of cases as waste of time is then avoided. 

CAMMING THE CHUCKING DRUM 
As it is essential before camming the turret-slide drum to know what 
space will be required in unlocking and locking the chuck and feeding 
out the stock, the chucking drum 8, Fig. 12, is first cammed without 
the necessity of a layout on paper, as is required in the case of the turret 
drum. It is assumed that the piece of work has just been severed from 
the bar, the chuck being locked firmly. The chuck is now unlocked as 
a starting point, and the unlocking cam a put on, the angle of this cam 
being about 25 degrees with the edge of the drum. The cam length 
must be sufficient to move chuck roll b far enough to release the spring 
chuck completely from the work. As soon as the chuck opens, the stock 
is ready to be fed forward, this movement being accomplished by cam c, 
whieh should be so put on as to contact the feed roll d immediately 
upon the unlocking of the chuck. An angle of 50 degrees is the usual 
slope for the stock feed cam ; the length is obviously made to give a throw 
equal to or slightly in excess of the longest piece that the machine will 
produce. The chuck-locking cam e is next to be considered, and this is 
so located as to contact with chuck roll 6, and start closing the chuck 
the instant the cam feed c has carried the feed roll d to the extreme for- 
ward position. Where the work is of a light nature and the chuck easily 
gripped on the stock, the angle of the chuck-closing cam e may be made 
the same as that of the unlocking cam a, namely 25 degrees; for work 
115 
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FlQS. 12-13. — Cam arrangement of P. &. W. automatic. 
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of a heavier character 20 degrees is a more suitable angle. In locating 
the feed cam c the feed plunger should be pushed forward into the 
spindle until the grooved collar / is against the knurled collar g at the 
rear of the chucking finger ring, which limits the forward movement of 
the feed tube and its roll d; it is apparent that this determines the posi- 
tion of the high point of the feed cam, though the left-hand end of that 
cam may be extended to the edge of the drum or beyond, if desirable, as 
in the case of the extra long feeds. 

The feed "draw back" cam ft is the last one to go on the drum; its 
function is to draw the feed tube to the rear, bringing the roll d into 
position to be pushed forward again by the feed cam c as soon as the 
chuck again opens. The "draw back" cam is pivoted as indicated, and 
may be adjusted to give any desired length of feed within the capacity 
of the machine. In locating this cam its pivoted end must be so posi- 
tioned as not to strike the chuck-operating roll b. 

As already stated, the camming of the chucking drum may be done 
satisfactorily without a layout on the drawing board, though where 
several machines are being cammed such a drawing may prove of con- 
siderable service. 



THE TURRET-SLIDE DRUM 

In camming the turret-slide drum a full-size drawing should always 
be made, the drum periphery being first laid out on paper as a rectangle, 
whose length and breadth represent respectively the circumference and 
width of the drum. A development of a turret-slide drum surface is 
seen in Fig. 13, with three locating lines, i, k, I for the series of cams. 
The position of these lines may be obtained as follows: A set of tools 
being placed properly in the turret, the latter is pushed forward as far 
as required to bring the tools in the right position relatively to the work, 
after which a seriber is placed on the right side of the roll m, which 
operates the slide, and a line i is scribed on the drum to represent the 
extreme forward position of the turret, hence no cams advancing the 
turret toward the ehuck can project beyond this line. Next the turret 
slide is moved back to the point where the turret commences to index, 
and a line k is scribed on the drum % inch from the left side of the roll 
m, after which the slide is drawn clear back to the right as far as pos- 
sible, this movement completing the indexing and locking of the turret, 
and a third line, I, is then scribed at the left side of roll m. The reason 
for scribing line k (which locates the leading ends of the index earns) 
one-quarter inch to the left of the point where indexing really com- 
mences, is that we then insure the easy index cams coming into contact 
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with the turret-slide roll slightly before the slide actually reaches the 
indexing point. 

"We can now draw the three lines scribed on the drum on the full- 
size layout on the drawing board, as shown in the development, Pig. 13, 
and thus have the correct distance between the lines i I and k I. In this 
case we will call the former distance 2^4 inches, and the latter 1% inches, 
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Fig. 14.— The work. 

and may now proceed with the figuring of the cams for producing the 
piece, Fig. 14. 

FEED CALCULATIONS 

We will assume a speed of 250 revolutions per minute as suitable 
for the work, and use a starting or centering-and-facing tool in the first 
turret hole, a '/ 18 -inch twist drill in the second hole, a roughing counter- 
bore in the third hole, and a finishing counterbore in the fourth or last 
hole. In addition to the length of cutting feed required for each tool 
we will add y$ inch in each ease for safety, and to allow for slight modi- 
fications in the character of the piece, thus making it possible for the 
slow feed to start into action as each tool reaches a point Vs inch away 
from the actual starting point of its cut. A schedule of the tool feeds 
may now be laid out as in Table 1. 

Table 1. — Tool Feeds for Work Shown in Fio. 14 

First hole Starting tool, 0.004" feed \" deep+J" al?owance= \" 

Second hole iV twist drill, 0.005" feed {$" deep+i" allowance^ ft" 

Third hole Rough counterbore, 0.010" feed \" deep+|" allowance= \" 

Fourth hole Finish counterbore, 0.015" feed ft" deep+J" a1Iowance= ft" 

Finish counterbore, O.OOo" feed fc" for bottom of cut = ^," 

Combined length of feed of all tools =2^" 

For carrying the turret forward to the point of cutting and for bring- 
ing it back to the point where indexing commences, cam angles of 50 
degrees with the edge of the drum are generally used. Sometimes this 
angle is exceeded by a few degrees, 55 degrees being about the practical 
maximum limit, while it is very seldom necessary to drop below 50 de- 
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grees. The travel of the turret slide while indexing (from k to I, 
Fig. 13) should not generally be much greater than 20 feet per minute, 
this depending, however, upon the size of machine and tools used. This 
rate of travel with the work revolving, as stated above, at 250 turns per 
minute, would be equivalent to 240 inches for 250 turns of the spindle 
or 0.96 inch per revolution. While the indexing is done with the fast 
speed of the eam-drum shaft, it is desirable in the eases of all turret- 
slide movements for which cams have to be figured to state the feed 
per turn of spindle at its equivalent at slow cam-shaft speed. With a 
feed motion having a ratio of 24 to 1 this means that the indexing 
movement of 0.96 inch per turn when expressed at the slow cam-shaft 
rate would be 0.96 divided by 24=0.04 inch per revolution. 

HOW THE DRUM SURFACE IS UTILIZED 

Before figuring the angles for the cutting and indexing cams we can 
simplify matters by taking from the total circumference of the drum, 
which measures, say, 48 inches, the amount of space as measured around 
the drum periphery utilized by the 50-degree cams, the eight roll spaces, 
and eight 14-inch flats formed by dressing off the forward ends of the 
four cutting cams and the rear ends of the four indexing cams to obviate 
wear of the cam corners. The distance i to I, Fig. 13, which as already 
stated is 2% inches, is temporarily taken, for purposes of calculation, as 
representing the forward and backward travel of the turret slide. Ac- 
tually, of course, the travel would be equal to the distance between the 
centers of roll m in the extreme forward and backward positions. How- 
ever, it is more convenient and in no way affects the result to assume 
distance i to ( as defining the true length of travel. 

That is, we can assume for the moment that the roll is of infinitely 
small diameter, its travel then being simply from line i to I. Now if we 
increase the roll diameter to li/g inches we merely extend the outer ends 
of the 50-degree cams sufficiently to overlap the actual roll travel, and 
at the same time we increase the working space between the cams to 
allow the roll to pass through. As these roll spaces between the cams 
are later taken into consideration in our calculations for determining the 
actual distance around the periphery of the drum consumed by the 
50-degree cams, we can disregard altogether the portions of these cams 
extending outside of lines i and (. Now, as there are four forward and 
backward movements to complete the cycle of operations, the total turret 
travel to and fro may be represented by a quantity equal to 8 X distance 
i to I, or 8X214 inches = 18 inches. According to the table giving the 
feeds of the four tools to be used, 2 7 /,„ inches of turret travel is re- 
quired in the cutting operations; the distance from k to I being 1% 
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inches the total indexing travel is obviously 4X1%=6^ inches. Prom 
the 18 inches which we have taken as representing the total travel of the 
turret slide, therefore, must be deducted 2 7 / ie -\-6y 2 inches, leaving 9 1 /, a 
inches travel controlled by the 50-degree earns, which, as previously 
stated, are generally used for non-cutting and non-indexing movements. 
The peripheral drum space occupied by these cams is then equal to 9'/ ls 
X cotangent of 50 degrees, or 9.0625 inches X 0.84=7.61 inches. 

If the cam roll m is 1^ inches in diameter, and we allow %-inch 
clearance, we have as the peripheral distance occupied by these cam 
spaces 8X1% inchXcosecant of 50 degrees or 10 inehesX1.3=13 inches. 
The eight ^4-inch flats on the ends of the cams=2 inches peripheral 
drum space utilized in this fashion. The total circumference of the 
drum, 48 inches,— 7.61 inches— 13 inches— 2 inches leaves 25.39 inches 
peripheral space on the drum available for the cams whose angles have 
to be computed. 

COMPUTING THE CUTTING AND INDEXING CAM ANGLES 
We have now this space of 25.39 inehes measured lengthwise of the 
cam drum surface to utilize for the cutting and indexing cams. The 
next thing to determine is the number of revolutions of spindle required 
for the several operations on the piece of work. This is calculated as 
below from the data in Table 2. 

Table 2. — Spindle Revolutions Required in Marino Piece Shown in Fig. 14 
1 fit. tool Travelof turret, 0.250" at 0.004 feed per revolution= 62.5 

2d tool Travelof turret, 0.9375" at 0.O05 feed per revo!ution= 187. 5 

3d tool Travelof turret, 0.625" at 0.010 feed per revloution= 62.5 

4th tool, 1st part of travel of turret, 0.5937" at 0.015 feed per revolution^ 39.5 rev. 
2d part of travel of turret, 0.0312" at 0.005 feed per revolution= 6.2 
Indexing. Travelof turret, 6. 5" at0.04 feed per revolution= 162.5 

Total number of revolutions necessary = 520 . 7 

Thus we find that for the 25.39 inches of drum periphery available 
for the cams to be figured, the spindle should make 521 turns, or 20.5 
turns for each inch of cam-drum space. This spindle velocity per inch 
of drum space will be approximated very closely by using on the coun- 
tershaft a 10-inch driving drum for the spindle and a 6-inch pulley for 
driving the feed motion. The question of spindle and feed-pulley ratios 
is discussed more fully later on. 

Knowing the feed per revolution for each tool, we find the angle for 
the cam for that tool by multiplying the rate of feed by 20.5 which gives 
the tangent of the desired angle. 

The angles for the various cams are then as follows : 
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Table 3. — Cutting and Indexing Cam Angles 

First tool 0.004" feedX20. 5=0. 082 =tangent of 4" 42' 

Second tool 0.005" feedX20. 5=0. 1025=tangent of 5" Sl( 

Third tool 0.010" feedX20.5=0.206 =tangent of IX" 36' 

Fourth tool 0.015" feedX20. 5=0. 3075=tangent of 17° 5' 

Fourthtool 0.005" feedX20. 5=0. 1025= tangent of 5° 51' 

Indexing. 0.04" feedX20.5=0.82 = tangent of 39" 21' 

The angles having been determined, the cams may now be laid out 
on the full-size drawing, a space n, Fig. 13, equal to the roll diameter 
plus %-inch clearance being left between the adjacent cams, and the 
flats of ^4-inch which prevent wearing of the cam corners being left 
on the working ends of each earn. A layout of these cams to a larger 
scale (about % actual size) is presented in Pig. 15, and in this drawing 
the angles of the cams are all shown. While these angles are given in 
degrees and minutes, the nearest half degree is sufficiently close in prac- 
tice. It may be of interest at this point, before considering the forming 
and cut-off cams, to show diagrammatically how the cam-drum surface 
is divided among the various cams which have been just laid out. For 
this purpose Figs. 16 to 20 inclusive have been drawn, although of course 
such diagrams would not be actually used in the working out of the 
camming problem. 

The portions of the 50-degree cams used in the foregoing calcula- 
tions are here shown transferred below to the similar drum surface in 
Fig. 16, where a series of triangles 1, 2, 3, 4, 5, etc., are drawn which 
when arranged in the order shown in Fig. 17 indicate the forward and 
backward movement of the turret due to that portion of the 50-degree 
cams which entered into the previous calculation, giving 9'/i« inches. 
The 18-ineh vertical line on which this J) 1 /™ * nc h travel is laid off rep- 
resents the total travel of the turret back and forth between the lines i 
and I, 8x214 inches. Hence the 8' 5 / 1G -inch portion of that line repre- 
sents that amount of turret travel due to the cutting and index 
cams. Fig. 18 is drawn to double the scale of the other diagrams to 
show more clearly the flats and roll spaces. Figs. 19 and 20 show the 
eight roll spaces and the cam flats added to the peripheral distance 
utilized by the 50-degree cams, and the latter sketch indicates the amount 
of drum space actually left for the cutting cams and the index earns, 
which has previously been found to be 25.39 inches. 

FINDING THE CAM ANGLES GRAPHICALLY 
If preferred, the angles of the various cams may be obtained without 
reference to tables of trigonometrical functions. Although this method 
of finding the angles is very convenient, many will prefer the method 
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given below, which does not involve the use of trigonometry. A hint of 
this is given in Fig. 17. Say we draw a perpendicular line A, Fig. 21, 
on the drawing board 9 1 /,, inches long, representing the to-aud-fro travel 
between lines i and I by 50-degree cams, then draw a horizontal base line 
B, to which we draw a line C, from the top of the vertical line form- 
ing an angle of 50 degrees with the horizontal base line. The portion of 
the latter thus cut off will indicate the space measured around the drum 
which the 50-degree cams between lines t and I occupy, or 7.61 inches 
which can be measured with a scale accurately enough for all practical 
purposes. 

Next we wish to determine the peripheral distance occupied by each 
cam-roll space and can And this by a similar process of laying out the 
roll between the ends of two cams as at D, in Fig. 22. If the layout is 
made double or four times the actual size, the result obtained by scaling 
will be more accurate and in fact quite near enough to the figured dis- 
tance. Multiplying the distance D by 8 will give us the space required 
by the eight cam-roll spaces, and adding this to 7.61 inches plus 2 inches 
for the eight 14-inch flats on the cam ends gives us the total amount to 
subtract from 48 inches (the circumference of the drum) to obtain the 
amount left for the cutting and indexing cams (or 25.39 inches). We 
have already found that the spindle makes 521 turns during the travel 
of the drum through a distance of 25.39 inches, or 20.5 turns per inch 
of drum travel. By referring back to our figures in Table 2, we see 
that the first tool will require 62.5 revolutions in feeding its distance of 
0.250 inch toward the chuck at 0.004 inch per revolution. In other 
words, this tool will require a drum travel of (62.5 divided by 20.5) or 
3.05 inches. Laying off a line of this length as E, in Fig. 23, and draw- 
ing a perpendicular of 0.250 inch to represent the feed distance, we have 
then merely to measure the angle with the protractor which will give 
us at once the correct angle for this earn. The angles of all the other 
cams may be obtained by a similar process, the side F of the triangle 
laid out representing the total feed or turret-slide travel required for 
the cam in question, and the length E reprcsentm;; the distance in inches 
which the drum travels while the spindle is making the number of revo- 
lutions necessary for that particular operation, as shown by Table 2. 
As suggested, it will be well to make the outlay double size or larger, 
thus minimizing the possibility of error in sealing the lines and measur- 
ing the angle. 
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THE FORMING AND CUTTING-OPF CAMS 

Returning now to the forming and cutting-off cams, Fig. 13 shows 
these members laid out on the opposite sides of their disk. The forming 
tool cuts down the neck and fillet at the rear of the piece Fig. 14 and 
should be fed at about 0.002 inch per revolution, the operation being 
performed at the same time as the drilling. We have found that the 
spindle makes 20.5 revolutions to every inch of turret-slide drum travel, 
and this means that in a forming movement of Yg inch or 0.125 inch at 
0.002 inch per turn, we require 62*/, revolutions, which is equivalent 
praetically to 3 inches of drum travel. Laying off this amount on the 
drum T, we can run the radial lines indicated to the center of the cam 
disk to define the limits of the forming cam o. In drawing the working 
edge of the cam we strike a curve giving a throw somewhat greater than 
Yg inch, according to the location of the pinion which the cross-slide 
operating arms are pivoted. Thus, if the upper end of the rocker arm 
is % the length of the lower, it means praetically that for every 0.001 
advance of the cam slide the lower end of the arm must move outward 
about 0.0013 inch. The forming movement of 0.125 inch requires then a 
cam throw of 0.1625. 

In cutting off the completed work a feed of about 0.0025 inch per 
revolution will be suitable. If the thickness of the metal plus a reason- 
able amount for clearance, etc., is equal to Yg inch, the work will make 
50 revolutions during the operation; at 20.5 revolutions of the spindle 
per inch of turret-slide drum travel the travel of the drum during the 
operation of the cut-off cams will be approximately 2y 2 inches. This 
operation may commence at or slightly before the completion of the 
finish eounterboring as shown in Fig. 13, where the cut-off cam p is 
drawn in on its side of the disk in the same manner as the forming earn 
just described. "With the earn slide levers pivoted at the point mentioned 
in connection with the forming cam the cut-off movement of */» inch will 
require a cam throw of about 0.166 inch. 

It will be obvious that the turret-slide drum must have sufficient 
space between the points where the cut-off operation is completed and 
the first operation on the nest piece is commenced to allow for the open- 
ing of the chuek, the feeding of the stock, and the locking up of the chuek 
on the work. 

This distance is indicated clearly in Fig. 13. 

In putting the cams on the turret-slide drum the correct starting 
position for the first cam can be easily located by squaring across from 
the locking-up cam on the chucking drum, which cam must close the 
chuck tight before the first tool is brought quite into working position. 
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Where a stop is used in the first hole in the turret the stop cam on the 
drum is so located relatively to the chucking earns as to hring the stop 
to its extreme forward position just before the stock is fed completely 
out and the chuck closed. 

SPINDLE DRUM AND FEED POLLEY CONSn>ERAT10NS 

In the preceding matter it has been shown that after subtracting 
from the circumference of the turret-slide drum the peripheral space 
occupied by the 50-degree, or non-cutting and non-indexing cams, the 
eight cam-roll spaces and the eight 14-inch flats on the cam ends, we have 
left a certain distance available for the cutting and indexing cams whose 
angles have to be figured or obtained by layout and measurement. We 
have found, too, that during the rotation of the drum through a certain 
distance equal to the space oecupied by these cams, the spindle should 
make a certain number of revolutions (as per Table 2) determined by 
adding up the number of turns necessary for taking the different turret- 
tool cuts at the desired rates of speed, plus the turns during the indexing 
movements. In order, therefore, that the spindle and cam drum shall be 
driven at the proper relative speeds, with any given ratio of gearing in 
the feed motion, the question of the relative diameters of the spindle- 
driving drum on the countershaft and the feed-motion driving pulley 
on the same counter lias to be taken into consideration. For it is obvious 
that, both spindle and feed motion being belted from the one counter- 
shaft, if we are using say a certain diameter of counter drum for driving 
the spindle, any change in the size of pulley for driving the feed motion 
will affect the rate of turret -slide feed per revolution of spindle. 

SPINDLE AND FEED-DRIVE RATIOS 
In Pig. 24 is shown by diagram the arrangement of pulleys on coun- 
tershaft, spindle, and feed motion, A being the drum for driving the 
spindle in either direction through reversing belts running on spindle 
pulley B, which is located between two loose pulleys ; C is the counter- 
shaft pulley (known as the "feed pulley") for driving the cam-drum 
shaft D through pulley E, which operates the worm shaft and worm gear 
F at low speed through the planetary gearing indicated at G, or directly 
at high speed by a clutch connecting the pulley directly to the worm 
shaft. On the No. 1 machine, for example, the spindle pulley B has a 
diameter of 6% inches, and the feed-motion pulley E is 6 inches. The 
worm gear has 84 teeth meshing with a triple-thread worm, and 28 turns 
of the worm shaft are required to drive the cam shaft and earn drums 
through one complete revolution. With a 24 to 1 ratio of gearing in 
the feed drive at O, it is obvious that the pulley E must turn 24X28 
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times, or 672 turns to each revolution of the drum shaft— assuming, of 
course, that the slow motion (24 to 1) is in operation throughout the 
complete cycle. The circumference of the turret-slide drum H carried 
by the latter being 48 inches, for each inch of peripheral travel of the 
drum, the pulley E on the feed drive must turn (672-=-48)=14 revolu- 
tions. If we have (as found in connection with Table 2) a peripheral 
distance of 25.39 inches to travel during 521 turns of the spindle in 
order to give the required feeds with the cams, as figured out, the spindle 
must make 20.5 revolutions for each inch of drum travel. That is, 
while pulley E, Fig. 24, is making 14 revolutions, pulley B must make 
20.5 revolutions. If the two pulleys were of the same diameter, the 
diameter of the countershaft drum A and feed pulley C would of course 
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Fig. 24. — Diagram of spindle and eam-shnft. 



be in the ratio of 20.5 to 14 or 1.46 to 1. The spindle pulley, however, 
is 6% inches diameter and the worm-shaft pulley E 6 inches; therefore 
the countershaft pulleys will be in the ratio of (20.5X6%) to (14X6) 
= 136 to 84, or a ratio of 1.62 to 1. This ratio will be approximated 
very closely by a spindle-driving drum of a diameter of 10 inches and 
a feed pulley of 6 inches. 

The foregoing matter has been presented in order to show the rela- 
tion existing between the speed of the spindle and the speed of the cam- 
drum drive. In practice, the diameter of the feed pulley required to be 
used in conjunction with any given diameter of driving drum for the 
spindle may be more directly obtained by the aid of a simple table — 
like Tables 4, 5, 6, or 7 on pages 132 to 135. After we have found our 
cam angles as already described, we may take the angle of any one of 
the cutting cams and use this in connection with our table for finding 
the required size of feed pulley. 
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DSE OF THE TABLES 
Referring now to Table 5, this table is arranged with columns for 
each feed-motion ratio from 24 to 1 down to 2.7 to 1. The quantities in 
these columns are obtained by dividing the tangent of the angles from 1 
to 45 degrees in the second column by the feed-pulley constants 12.7, 
5.91, etc., given at the heads of the respective columns. The feed-pulley 
constant, it should be noted, is equivalent to the number of revolutions 
of the head spindle to each inch of peripheral travel of the turret drum, 
with the same diameter of pulleys on the counter for driving the spindle 
and the feed mechanism. As indicated by the formula at the bottom 
of the table, the feed per revolution 

_ tan. of angle feed pulley 

feed-pulley constant counter drum 

and as the six columns under the respective ratios are always worked 
out giving the equivalent of 

tan. of angle 



feed-pulley constant 

the feed revolution for any cam angle with any given ratio of gearing 
in the feed motion is found by multiplying the quantity opposite the 
angle and in the required column by the feed-pulley diameter and then 
dividing by the diameter of the counter drum driving the head spindle. 

Now, with a given diameter of counter drum for the spindle, and 
with the angle determined for any cam and the rate of feed given which 
we wish to produce with that cam, we can find the diameter of feed pulley 
required to produce that rate of feed by a formula as follows : 

Dia. feed pulley=feed per rev.Xdia. counter drum 



(tan. of angle \ 
feed-pulley constant,/ 



As we have the expression 

tan, of angle 
feed-pulley constant 

already worked out in the table for the various angles, it is merely neces- 
sary to multiply the feed per revolution by the diameter of the drum 
for driving the spindle, and divide by the quantity opposite the cam 
angle under the proper column. Thus, if one of the earns in the set 
which we have already figured out is to give a rate of feed of 0.005 inch 
per turn of spindle (using the 24 to 1 ratio) the cam angle being prac- 
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tically 6 degrees, and if we are using a 10-ineh drum on the counter- 
shaft for driving the spindle, we can find the size of the feed pulley 
required by multiplying 0.005X10=0.05 and dividing by 0.00827 (found 
opposite 6 degrees and in the 24 to 1 ratio column) =6. Hence a 6-inch 
pulley is the proper size to use. It will be obvious that owing to the 
method used in determining the angles of the set of cams for the turret- 
slide drum, it makes no difference whatsoever which cam is used as a 
basis for working out the feed -pulley diameter. 

Similar tables which are included for the other sizes of machines 
should be found of considerable value. 

FEED CHANGES 

The figures in the different ratio columns in Table 5 actually show 
the rates of feed per revolution of spindle which would be obtained if 
the feed pulley and spindle-driving drum on the countershaft were of the 
same diameter, and by following across the table on any horizontal line 
the possible variations obtainable by the six different ratios of gears for 
use in the feed mechanism will be clearly seen. The actual feed changes 
produced by different angles of cams and various sizes of feed pulleys 
and counter drum with a given ratio of gearing are shown by Tables 8 
to 11. Table 9, for example, is worked out for the No. 1 automatic and 
for a 24 to 1 ratio of feed gearing, and it will be apparent from this 
table that very fine changes of feed are obtained with any given feed 
pulley and counter drum by slight modification in cam angles ; the entire 
range, of course, being greatly increased when we introduce the gears of 
other ratios into the feed drive. 

It should be borne in mind that after the machine has been cammed 
in accordance with the method described, the rate of feed per turn of 
spindle derived from the cam may be increased or decreased by changing 
the gears in the feed motion without affecting the rate of turret-slide 
travel during the indexing movement. This is due to the fact that the 
indexing is accomplished with the feed-motion pulley clutched direct to 
the cam shaft for driving the cam drum, that is, the "fast motion" is 
then in operation and this drives at a constant speed unless the feed 
pulley on the countershaft is changed, or the speed of the counter itself 
altered by shifting the position of the belt on the three-step driving cone. 
While the indexing cams are laid out for performing their work with 
the turret slide traveling at about 20 feet per minute, some departure 
may be allowed either way from this normal rate, such, for instance, as 
might be due to a slight change in diameter of feed pulleys. 
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THE TWO-SPEED SPINDLE DRIVE 

It is quite common practice now, with the Pratt & Whitney auto- 
matic, to equip it with a two-step pulley for operating the head spindle 
in place of a single-diameter drum formerly used for this type of ma- 
chine. This gives the spindle two rates of speed (ordinarily 2 to 1) and 
the higher speed is generally employed for the backing belt. Thus, a 
suitable countershaft speed may be selected for the rough-turning cut and 
for threading, using the forward belt (except in very unusual eases where 
a left-hand thread is to be cut), and the fast backward speed is then 
utilized for finish turning and cutting off, a left-hand finishing box tool 
being used and the cut-off being carried on the rear end of the cross 
slide. If a forming tool is required, this is carried at the front of the 
cross slide and operated while the roughing box tool is cutting, with the 
spindle operating at its slow speed. The spindle then reverses upon the 
completion of the rough-turning and the forming operation, and runs 
backward at double the forward speed while the finishing tool is in oper- 
ation. If the piece is to be threaded, the slower forward speed is utilized 
while cutting; and after the die has run on, the spindle again reverses 
to high speed while the die is run off and the cut-off tool severs the work 
from the bar. This two-speed arrangement is a very advantageous one 
as it makes it possible to drive the spindle at speeds best adapted for 
the cuts taken by the different classes of tools used on the work, and thus 
greatly increases the output. 

In plotting out cam angles for use in connection with the two-spindle 
drive it is advisable to reduce all feeds per revolution to what they 
actually would be in case only one of the two speeds was used, and thus 
simplify the problem. 

For example, if we have a constant feed of 0.005 inch per revolution 
at 100 revolutions per minute, and another constant feed of 0.005 inch 
at 200 revolutions per minute, it is advisable to consider both at the same 
number of revolutions per minute. To reduce the former to the latter 
=0.005 inehX 100 /aoo or 0.0025-inch feed at 200 revolutions per minute, 
while the latter would, of course, remain 0.005. The tangents of the 
angles for the cams to be used would, of course, be 2 to 1, while the actual 
feeds per revolution at the speeds used are equal. 

Pig. 25 shows a cam outlay for a machine using the two-speed spindle 
drive, the turret-cam drum surface development being shown in two 
sections for convenience. The forming and cutting-off cams are sketched 
in at the side of the drum layout with the circles drawn to clearly indi- 
cate where the forming and cut-off operations commence and end. The 
cams shown are suitable for general screw work, the first cam A bring a 
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plain 50-degrce stop cam which holds the turret in its forward position, 
while the stock feeds out. Cam B for the roughing-box tool, and the 
forming cam on the cross-slide disk, are in operation while the spindle 
runs at its slow speed, and cam C for the finishing cut feeds the finish- 
ing-box tool over the work with the spindle operating at its fast speed. 
The slow spindle speed is used while the die is run on by cam D, and the 
fast speed is again employed during the cutting-off operation. It will be 
noticed that extra space is left between the end of the die cam D and the 
last draw-back cam. This extra clearance is provided in order that the 
die may have ample time to run up on the screw and reverse before 
the draw-back cam comes into action against the turret-slide roll. "Where 
an opening die is used, mounted on a sliding holder, the die cam may be 
made shorter as indicated by the dotted lines. 

The forming tool is used advantageously on regular screw work for 
necking down at each side of the head while the roughing-box tool is in 
operation. This reduces the work of the cutting-off tool and on many jobs 
relieves the box tool of the work of finishing the under side of the head. 

PUTTING ON THE CAMS 

A few words regarding the forming and placing of the cams in posi- 
tion on the drums and cut-off disk may not be out of place here. After 
the angles, lengths, etc., have been found the cams may be cut from the 
flat stock to the right length and proper angles at the ends by means 
of a saw in the milling machine, swivcling the vise to give the required 
angles for the ends, and then the holes for the tap bolts are drilled, after 
which the cams are bent to conform to the curvature of the drum. Tough 
steel that will admit of being hardened should be used, and after the 
pieces are hardened they are located one by one on the drum, and the 
latter drilled and the holes tapped for the tap bolts which secure the cams 
in place. The turret-slide cams are located in the right positions rela- 
tive to the chucking drum cams by squaring across from the chuck- 
closing cam on that drum, this giving the right location for the first 
cam on the turret-slide drum. It must he kept in mind that the ehuek- 
closing cam must close the chuck completely before the cutting part of 
the first cam on the turret drum comes into contact with the cam roll. 

The forming and cutting off earns are located on their disk so that the 
ends of these cams are just passing the ends of the cross-slide levers when 
the points on the turret earns marked in the layout "end of forming" 
and "end of cut-off" are just in contact with the turret-slide roll. The 
idea will be clear from the drawing in Pig. 25. 



HAND AND AUTOMATIC SCREW MACHINES 



TANGENT OF ANGLE 
FEED PULLEY CONSTANT 



.00117 

.00140 
.00187 

.00234 
.00283 
.00329 
.00376 
.00424 

.00472 

.00521 

.oa-)<i!> 

.00618 

.0d008 

.Dip/ IS 
.007(58 
.00819 
.0(1871 
.00922 
.00' -75 
,01029 
.01083 
.01137 
.01193 
.01260 
.01307 
.01634 

.01425 

.01 188 
.01fi47 
.01610 
.01675 

.01741 
.01835 

,!ilS77 
.0H.'47 
.02020 
.02094 
.02171) 

.02249 
.0233 

.0241 

.0250 
.0259 
.0268 



.0010 
.0015 

.0020 
.0020 
.0030 
.0010 
.0050 
.00011 
.0071 



.0101 
.0112 
.0 1 22 
.0133 
.0143 
,0154 
.0165 
.0170 
.0187 
.01118 
.020' t 
.0221 
.0233 

.024 1 
.0256 

.0208 
.0281 
.0293 
.0306 
.0319 
.033:? 
.0340 



.0403 
.0418 
,0434 

.047,0 

,0466 
,0483 

-0.-i00 
,05 1 8 
.0337 
.035L 
.0576 



.0471 

.0494 

.0517 
.0542 

.0505 
.0590 
.0015 
.0640 
.0007 
-OfilVl 
.0730 
.0748 
.0777 



.0035 
.0053 
.0073 
.0088 
.0107 
.0143, 
.0178 
.0215 
.0252 



.0435 
.0175 
.0510 
.0549 

.0588 
.0027 
.0006 
.0705 
.0740 
.0787 



.0!>I2 
.1.1955 

,1000 

.1043 
.1091 

.1130 
.1183 
.1332 
.1281 
.1330 
.1582 
.1435 



,1720 

.1781 
.1845 
.1911 
.1978 

.2019 



Correct Feed per one Revolution of Head Spindle 

Tan, of An gle Feed Pulley 

Feed Pulley Const. Counter Drum 



-. W. AUTOMATIC SCREW MACHINE 



P. & 


W. No. 1 

TOMATIC 




TANGENT OF ANGLE 






At 


■ FEED PULLEY CONSTANT 






Tangent 


RATIOS 


3 


24:1 


11.16:1 


11.81:1 


4:1 


3.1:1 


2.7:1 




Feed 


Feed 


Feed 


Feed 


Feed 


Feed 






Pulley 




Pulley 


Pulley 


Pulley 


Pulley 






Const. 




Const. 




Const. 








12.7 


5.01 


3.07 


2.18 




1.43 


i 


.01746 


.00137 


.00295 


.00568 


.OOSOO 


.01064 


.01220 


H 


.02619 


.00206 


.00443 


.00853 


.01201 


.01596 


.01831 


2 


.03492 


.00274 


.00591 


.01137 


.01601 


.02129 


.02441 


21 


.04366 


.00343 


.00738 


.01422 


.02002 


.02662 


.03053 


3 


.05241 


.00412 


.00886 


.01707 


.02404 


.03195 


.03665 


4 


.06993 


.00550 


.01183 


.02277 


.03207 


.04264 


.04897 


£ 


.08749 


.00688 


.01480 


.02849 


.04013 


.05334 


.06118 


6 


.10510 


.00827 


.01778 


.03423 


.04821 


.06408 


.07350 


7 


.12278 


.00966 


.02077 


.04000 


.05401 


.07608 


.08586 


8 


.14054 


.01106 


.02378 


.04577 


.06447 


.08569 


.09828 


9 


.15838 


.01247 


.02679 


.05158 


.07265 


.09655 


.11075 


10 


.17633 


.01388 


.02983 


.05687 


.08000 


.10648 


.12200 


11 


.19438 


.01530 


.03289 


.06331 


.08916 


.11852 


.13593 


12 


.21256 


.01673 


.03596 


.06923 


.09750 


.12961 


.14864 


!3 


.23087 


.01817 


.03906 


.07520 


.10590 


.14077 


.16144 


14 


.24933 


.01963 


.04218 


.08122 


.11437 


.15203 


.17435 


15 


.26795 


.02109 


.04533 


.08728 


.12291 


.16338 


.18737 


16 


.28675 


.02257 


.04851 


.09340 


.13153 


.17487 


.20053 


17 


.30573 


.02407 


.05173 


.09959 


.14024 


.18642 


.21380 


18 


.32492 


.02558 


.05494 


.10583 


.15863 


.19812 


.22721 


19 


.34433 


.02711 


.05995 


.11216 


.15795 


.20996 


.24078 


2(1 


.36397 


.02865 


.0(1158 


.11855 


.16695 


.22193 


.25453 


21 




.03022 


.06495 


.12503 


.17608 


.23406 


.26843 


22 


.40403 


.03181 


.06836 


.13160 


.18533 


.24635 


.28253 


23 


.42447 


.03342 


.07182 


.13826 


.19470 


.25882 


.29613 


24 


.44523 


.03505 


.07533 


.14502 


.20423 


.27148 


.31135 


25 


.46631 


.03671 


.O/N'.Kt 


.15189 


.21390 


.28433 


.32609 


26 


.48773 


.03761 


.08252 


.15887 


.22372 


.29739 


.34107 


27 


.50953 


.04012 


.o.s<;:?i 


.16600 


.23373 


.31069 


.35631 


28 


.53171 


.04186 


.08996 


.17319 


.24390 


.32421 


.37183 


29 


.55431 


.04364 


.0937!) 


.18055 


.25427 


.33800 


.38763 


;;it 


.57735 


.04545 


.09769 


.18805 


.26483 


.35201 


.40374 


31 


.60086 


.04731 


.10166 


.19572 


.27502 


.36637 


.42018 


32 


.62487 


.04920 


.10573 


.20354 


.28033 


.38101 


.43697 


33 


.64941 


.05113 


.10988 


.21153 


.29789 




.45413 


34 


.67451 


.05311 


.11413 


.21971 


.30941 


^41128 


.47108 


35 


.70021 


.05513 


.11837 


.22808 


.32119 


.42095 


.48965 


30 


.72654 


.05720 


.12293 


.23665 


.33327 


.44301 


.50807 


37 


.75355 


.05870 


.12750 


.24545 


.34566 


,45945 


.52695 


38 


.78129 


.06151 


.13219 


.25449 


.35839 


.47639 


.54635 


39 


.80978 


.06297 


.13701 


.26377 


.37147 


.49376 


.56628 


40 


.83910 


.06607 


.14198 


.27332 


.38491 


.51164 


.58678 


41 


.w;<2<) 


.00844 


.14709 


.28315 


.39876 


.53005 


.60789 


42 


.90040 


.07089 


.15218 


.29329 


.41302 


.54902 


.62965 


43 


.93252 


.07342 


.15778 


.30375 


.42730 


.50*01 


.65211 


44 




.07525 


J (1338 


.31455 


.44297 


.58884 


.67531 


45 


1.00000 


.07881 


.16920 


.32573 


.45871 


.00975 


.69930 



Correct Feed per one Revolution of Head spindle -^ 
Tap, of Angle Feed Pulley 

Feed Pulley Const. Counter Drum 
Table 5. — For Finding the Correct Feed per Revolution or 
Diameter of Feed Pulley, for any pi vex Cam Anglic. No. 



HAND AND AUTOMATIC SCREW MACHINES 



P. A 


vV. No. 2 

OMATIC 




TANGENT OP ANGLE 








FEED PULLEY 


CONSTANT 








RATIOS 


a 
a 


24-1 


11.16:1 


5.8:1 


4:1 


3:1 


2.6:1 


Feed 


Feed 


F«d 


Feed 


Feed 


Feed 




Pulley 


Pulley 




1'ulU-y 


Pulley 


Pulley 




Const. 


Const. 


Const. 


Const. 


Co..,:. 


Const. 






19.9 


7.86 


4.08 


2.81 


2.11 


1.S3 


1 


.01746 


.00103 


.0022 


.0042 


.0031 


.0081 


.0093 


U 


.02619 


.00154 


.0033 


.0064 


.0093 


.0123 


.0142 


2 


.03492 


.00206 


.0044 


.0086 


.0125 


.0166 


.0191 


24 


.04366 


.00257 


.0055 


.0105 


.0153 


.0204 


.0234 


3 


.05241 


.00310 


.0066 


.0127 


.0185 


.0246 


.0283 


4 


.06993 


.00413 


.0089 


.0172 


.0249 


.0332 


.0382 


5 


.08749 


.00517 


.0110 


.0213 


.0310 


.0412 


.0474 


6 


.10510 


.00621 


.0133 


.0257 


.0374 


.0500 


.0572 


7 


.12278 


.00726 


.0156 


.0301 


.0438 


.0583 


.0670 


8 


.14054 


.00831 


.0178 


.0343 


.0498 


.0664 


.0763 


g 


.15838 


.00937 


.0201 


.0387 


.0.562 


.0749 


.0S61 


10 


.17633 


.01043 


.0224 


.0431 


.0627 


.0834 


.09.59 


11 


.19438 


.01150 


.0246 


.0475 


.0691 


.0913 


.1057 


12 


.21256 


.01257 


.0269 


.0519 


.0755 


.1005 


.1155 


13 


.23087 


.01366 


.0293 


.0566 


.0822 


.1095 


.1-259 


14 


.24933 


.01475 


.0316 


.0310 


.0886 


.1180 


.1357 


15 


.26795 


.01585 


.0340 


.0657 


.0954 


.1270 


.1461 


1G 


.28675 


.01696 


.0364 


.0703 


.1022 


.1360 


. 1 504 


17 


.30573 


.01809 


.0389 


.0750 


.1089 


.1450 


.1608 


18 


.32492 


.01922 


.0413 


.0796 


.1157 


.1541 


.1771 


19 


.34433 


,0:2037 


.0437 


.0843 


.1225 


.1631 


.1875 


20 


.36397 


.02153 


.0462 


.0892 


.1296 


.1725 


.1984 


21 


.38386 


.02271 


.0488 


.0941 


.1367 


.1820 


.2093 


22 


.40403 


.02390 


.0513 


.0990 


.1438 


.1915 


.221*2 


23 


.42447 


.02511 


.0538 


.1039 


.1509 


.2010 


.23 J 1 


24 


.44523 


.02693 


.0565 


.1090 


.1584 


.2109 


.242.5 


25 


.46631 


.02759 


.0592 


.1142 


.1659 


.2209 


.2510 


26 


.48773 


.02*85 


.0020 


.1197 


.1737 


.2313 


:?mo 


27 


.50953 


,03014 


.0046 


.1247 


.1812 


.2413 


.2774 


28 


.53171 


.0:5146 


.0676 


.1303 


.1894 


.2522 


.2899 


29 


.55431 


.03279 


.0704 


.1357 


.1972 


.2626 


.3019 


30 


.57735 


,03416 


.0733 


.1414 


.2054 


.2735 


.3145 


31 


.60086 


.03555 


.0763 


.1472 


.2140 


.2849 


.3275 


32 


.62487 


.03697 


.0794 


.1531 


.2235 


.2963 


.3406 


33 


.64941 


.03842 


.0824 


.1590 


.2310 


.3076 


.35.37 


34 


.67451 


.03991 


.0856 


.1651 


.2399 


.3195 


.35.2; 


35 


.70021 


.04143 


.0889 


.1715 


.2492 


.3318 


.3815 




.72654 


.04299 


.0922 


.1779 


.2585 


.3431 


.3957 


37 


.75355 


.04458 


.0956 


.1845 


.2681 


.3569 


.4104 


38 


.78129 


.04023 


.0992 


.1913 


.2780 


.3702 


.■3256 


39 


.80978 


.04791 


.1029 


.1985 


.2882 


.3839 


.44)5 


40 


.83910 


.049(15 


.1066 


.2050 


.2987 


.3977 


.457:; 


41 


.86929 


.0514 


.1104 


.2129 


.3094 


.4119 


,1770 


42 


.90040 


.0533 


.1143 


.2205 


.3204 


.4266 


.4905 


43 


.93252 


.0552 


.1184 


.2283 


.3318 


.4418 


.5079 


44 


.96569 


.0572 


.1226 


.2364 


.3435 


.4574 


.5259 


45 


1.00000 


.0592 


.1272 


.2450 


.3560 


.4740 


.5450 



Correct Peed per one Revolution of Head Spindle = 

Tan of Angle Feed Pulley 

Feed Pulley Const. Counter Drum 



P. & W. AUTOMATIC SCREW MACHINE 



P. & 


v. No. ; t 




TANGENT OP ANOl.l 






Aor 


FEED PULLEY CONSTANT 








it ATIOS 


1 


-jVI 


21.9:1 


10.1:1 


S.lfl-l 


6.7:1 


4.2:1 






Feed 






I ; eed 


Feed 


B 




Pulley 




Pullev 


Pulley 


Pulley 


I'ulliy 




Const. 


Const. 


Cona. 


Const. 


Const. 








32.9 


12.4 


e.i3 


4.65 


3.23 


2.38 


I 


.017415 


.00053 


.00137 


.00186 


.00365 


.00526 


.00714 


H 


.02619 


.00079 


.00209 


.00285 


.00559 


.00805 


.01092 


2 


.0:i4!12 


.00106 


.00282 


.00383 


.00752 


.01083 


.01470 


2i 


.04366 


.00132 


.00346 


.00471 


.00924 


.01331 


.01 son 


3 


.05241 


.00159 


.00419 


.00569 


.01118 


.01610 


.02184 


4 


.00993 


.00212 


.00564 


.00766 


.01505 


.02167 


.02940 


5 


.08749 


.00265 


.00701 


.00953 


.01870 


.02093 


.03654 


6 


.10510 


.00319 


.00846 


.01149 


.02257 


.03250 


.04410 


7 


.12278 


.00373 


.00991 


.01347 


.02644 


.03808 


.05106 


8 


.14054 


.00427 


.01128 


.01533 


.03010 


.04334 


.058-80 


9 


.15838 


.00481 


.01273 


.01730 


.03397 


.04891 


.06631-. 


10 


.17633 


.00535 


.01418 


.01927 


.03784 


.05448 


.0731)2 


u 


.19438 


.00590 


.01564 


.02124 


.04171 


.00006 


.08148 


1'2 


.21256 


.00646 


.01709 


.02321 


.04558 


.06563 


.08904 


13 


.23037 


.00701 


.01862 


.02529 


.04966 


.07151 


.097112 


14 


.24933 


.00757 


.02007 


.02726 


.05353 


.07709 


.10458 


15 


.26795 


.00814 


.02160 


.02934 


.05762 


.0S297 


.11256 


16 


.2S675 


.O0S71 


.02313 


.03 142 


.00170 


.08885 


.12054 


17 


.30573 


.00929 


.02466 


.03351 


.06579 


.09473 


.12852 


18 


.32492 


.00987 


.02619 


.03558 


.06987 


.10062 


.13650 


19 


.34433 


.01040 


.1)2773 


.03767 


.07390 


.10050 


.14448 


20 


.36397 


.01106 


.02934 




.07826 


.11299 


.15288 


21 


.38380 


.01166 


.03095 


.04205 


.08256 


.11888 


.10128 


22 


.40403 


.01228 


.03256 


.04424 


.08086 


.12507 


.16! 108 


23 


.42447 


.01290 


.03417 


.04643 


.09116 


.13127 


.17808 


24 


.44523 


.01353 


.03587 


.04873 


.09567 


.13777 


.18690 


25 


.46631 


.01414 


.03756 


.05103 


.10019 


.14427 


.19572 


26 


.48773 


.01482 


.03933 


.05344 


.10492 


.15108 


.20490 


27 


.50953 


.01548 


.04102 


.05573 


.10943 


.15758 


.21378 


28 


.53171 


.01610 


.04288 


.05825 


.11438 


.10470 


.22344 


29 


.55431 


.01684 


.04465 


.00066 


.11911 


.17151 


.23268 


30 


.57735 


.01754 


.04651 


.06318 


.12405 


.17864 


.24234 


31 


.60086 


.01826 


.04844 


.06581 


.12921 


.18007 


.25242 


32 


.62487 


.01806 


.05037 


.06844 


.13437 


.19350 


.20250 


33 


.64941 


.01973 


.05231 


.07106 


.13953 


.20093 


.27258 


34 


.67451 


.02050 


.05432 


.07380 


.14491 


.20867 


.28308 


36 


.70021 


.02127 


.05042 


.07665 


.15050 


.21672 


.29-100 


36 


.72654 


.02208 


.05852 


.07949 


.15609 


.22477 


.30492 


37 


.75355 


.02290 


.06069 


.08245 


.16189 


.23312 


.31026 


38 


.78129 


.02374 


.06295 


.08552 


.16791 


.24179 


.32802 


39 


.80978 


.02461 


.06529 


.08869 


.17415 


.25077 


.3402U 


40 


.83910 


.02550 


.0(1702 


.09187 


.18038 


.25975 


.35238 


41 


.86929 


.02642 


.07904 


.09515 


.18683 


.26804 


.30498 


42 


.90040 


.02736 


.07254 


.09855 


.19350 


.27804 


.37801) 


43 


.93252 


.02833 


.07512 


.10205 


.20038 


.28854 


.39144 


44 


.96509 


.02934 


.07778 


.10566 


.20747 


.29876 


.40530 


45 


1.IKI ) 


.03040 


.08900 


.10950 


.21500 


.30960 


.42000 



Correct Feed per one [involution of Hfud Spindle *- 

Tan of Angle Feed Pulley 

Feed Pulley Const. Counter Drum 

Table 7. — Foe Finding the Correct Feed pkk K evolution op Spindle or : 

Diameter op Feed Pulley, tor ant given Cam Angle. No. 3 Machine. 
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CHAPTER III 

THE BROWN & SHARPS AUTOMATIC SCREW MACHINE 

The general design of the automatic screw machine built by the Brown 
& Sharpe Manufacturing Company, Providence, R. I., is represented in 
Pigs. 26 and 27, the size of machine illustrated in these half-tones being 




Fifl. 26. — Brown & Sharpe No. 00 Automatic serew machine. 

the No. 00, which has a maximum chuck capacity of Vis i ncn > and a 
maximum feed of 2 inches; the greatest length that it will turn being 
l 1 /^ inches. Various features of construction are shown clearly in the 
line drawings, Figs. 28 to 35. Before taking up the construction of the 
140 
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mac line in detail, however, it may be well to outline briefly certain 
features brought out by the half-tone engravings. 

GENERAL PRINCIPLES OF CONSTRUCTION 

The system of cams employed on this type of machine was adopted 
by the Brown & Sharpe Manufacturing Company a number of years ago 




Pig. 27.— Brown & Sharpe 



and provides for a set of cams for each piece to be made, so that when a 
given piece is to be undertaken it is simply necessary to place a set of 
earns for this piece in position; the machine is then ready to operate, 
except for the necessary adjustments of the turret tools and cross-slide 
tools. 

The turret is arranged for six tools; there are front and rear cross 
slides, which are operated by edge cams made from blanks iy% inches 
diameter with 1-inch center hole and 14-inch loeating-pin hole. These 
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locating-pin holes are also placed for positioning the earns and insure 
their being located in the proper position to give correct timing. 

The turret-slide cam is carried on shaft A, Fig. 27, the end shown 
being the shank of the elamp nut. This cam is placed on the shaft 
through an opening in the rear end of the machine, which gives ready 
access to this adjustment. The cross-slide cams are carried on the front 
shaft at B and C, Fig. 26. The dogs for controlling the mechanism for 
reversing the spindle, opening and closing the chuck, feeding the stock 
and rotating the turret, can be adjusted on carriers, D, E and F; this 
feature gives ease of adjustment for all operations within the capacity 
of the machine. The turret-rotating mechanism draws the turret slide 
to the rear position when indexing the turret, irrespective of the height 
of the cam position. This does away with the necessity of cutting the 
cams back to allow the tools clearance when rotating. The reversing 
shaft, with carrier D, can be uncoupled from the front shaft for the 
purpose of placing the cross-slide cams on carriers B and C. The stock 
feed can be adjusted by crank G, and the change gears for obtaining 
different cam-shaft speeds are mounted on shafts H and /, the gear 
marked H being the driver and that marked / the driven. The latter 
is mounted on a worm shaft at the rear of the machine, which drives 
through a worm gear a short shaft running crosswise of the bed to the 
front of the machine where it is connected by bevel gears with the front 
shaft or cross-slide cam shaft. It also drives by means of spur gears 
the shaft A on which is carried the turret-slide cam. 

THE SPINDLE AND ITS CLUTCHES 

The front elevation, Fig. 28, gives a longitudinal section through the 
spindle and its boxes. This spindle, which has hardened, ground, and 
lapped bearings, runs in boxes of phosphor bronze, the front box having 
a tapered exterior, and provision for taking up wear. End play may 
be taken up by adjusting nuts located at the rear box. 

The spindle is driven by friction clutch pulleys having hardened steel 
bushes and roller bearings operating on the hardened portion of the 
spindle. Lubricant for the pulleys is supplied from the oil chambers. 
The friction cones are engaged with the pulleys by sliding sleeve F' on 
levers <?'. Adjustment for wear is secured by loosening elamp screw H' 
and turning nut /'. At J, J, Fig. 29, is shown a pair of screws by which 
the clutch sleeves are set central to give equal pressure on the two pulleys. 
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THE SPINDLE REVERSE 

The reversal of the spindle is secured through the action of spring 
plunger K, Fig. 29, which, upon being released, throws the clutch into 
instant engagement with the pulley next the chuck. To run forward 
the clutch is engaged with the other pulley by cam L, which is operated 
by clutch M, drawn out at the completion of one revolution by lever N. 
As the spindle is reversed to run forward the plunger spring is com- 
pressed by the action of the cam, the plunger being held in place by a 
wide portion at the rear end of the lever 0. The carrier D shown below 
levers N and O in Figs. 26 and 28 is provided with dogs which may be 
adjusted to lift the levers at the proper time for reversing the spindle. 
Where work is to be threaded the positive clutch P serves to connect 
the carrier shaft with the front- or cut-off cam shaft Q. This clutch, as 
already stated, is disengaged when the cross-slide cams are to be changed 
and need not be connected for work which is not to be threaded. The 
carrier may be provided with two or more sets of dogs where it is neces- 
sary both to thread and tap the work or to cut two threads on it, 

OPERATION OF THE SPRING COLLET 

At R, Fig. 28, is shown an internally tapered sleeve which slides over 
the collet and closes it without end movement of the latter, thus assuring 
accurate stock feeding regardless of any minute variations in diameter. 
The operation of the sleeve is effected by the chucking tube extending 
through the spindle to the rear end, where it is controlled by the chuck 
levers S, which are operated by sleeve T, which sleeve is actuated by 
a lever and cam U. The stock is also fed through the medium of this 
cam, which is itself actuated through spur gears V, Fig. 29, and a positive 
clutch W on the driving shaft. The gears and clutch are plainly shown 
on the shaft in Fig. 27. A lever is shown under this clutch in Fig. 29, 
and when this is depressed by the dog on carrier E, Figs. 26 and 28, the 
clutch is engaged and makes one complete revolution, after which it is 
again disengaged by a pin in the lever under the clutch which acts upon 
the cam surface of the clutch and causes the latter to return to its former 
position. 

Adjustment of the chuck is by means of nut X, Fig. 28, which may 
be turned as required after releasing nut Y. The collet is removed by 
taking off the cap with a pin wrench. 
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THE STOCK FEED 

The pulley at the head end of the machine for driving the main feed 
shaft a Figs. 28 and 29, is engaged by a clutch actuated by hand lever b, 
which thus forms a means of controlling the feed at all times. 

The rear end of the stock-feed tube in the spindle is connected by a 
latch c, Fig. 30, to slide d, Fig. 29, which has a slot in which is a sliding 
block connecting it to lever e. Figs. 29 and 30; this lever is operated by 
cam- f7 already referred to. A screw and crank handle G are provided, 
as indicated in Figs. 26, 27 and 29, for adjusting the sliding block; and 
lever e having a constant stroke the length of feed for the stock is varied 




showing chuck operating n 



by changing the position of the sliding block. The length of feed is 
shown by a scale which is secured to the slide. 

By lifting latch c, Fig. 30, the feed tube may be withdrawn and 
the feeding fingers (which are threaded left hand) may be changed. It 
is, of course, possible to feed more than the regular capacity of the 
machine by using two or more dogs on the left side of the carrier E, 
Fig. 28, thus operating the feed mechanism several times. 

When it is desired to stop the stock feed, as in adjusting tools, the 
dog attached to lever/, Fig. 28, can be turned up, thus allowing the dogs 
on the carrier E beneath to pass without lifting the lever. 

THE TURRET SLIDE AND TURRET 

As will be observed upon inspection of the various general views, 
the turret is mounted at the side of the turret slide and rotates in the 
vertical plane. A long taper shank with which the turret is provided 
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takes a bearing in the turret slide. The indexing movement is accom- 
plished by means of a hardened steel roll in disk g, Fig. 29, engaging with 
grooves cut radially in disk h, which is attached to the rear end of the 
turret spindle. The turret is rotated by this method rapidly and starts 
and stops without appreciable shock. The taper bolt or pin which locks 
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the turret in its various positions is shown at i, Figs. 31 and 32. The 
locking bolt is withdrawn from the turret by cam j. 



TURRET-SLIDE OPERATION 

The forward motion of the turret slide for feeding the cutting tools 
along the work is imparted by a bell-crank lever actuated by the cam 




of turret slide. 



mounted on shaft A, Figs. 27, 29, and 31, which is itself driven by spur 
gears from the shaft and worm gear k. 

While the turret is advancing to the cut and returning after the cut 
is taken, the movement of the turret slide and the revolving of the turret 
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are controlled independently of the turret-slide feed earn by the crank 
motion l t Pig. 32, while the roll carried by bell-crank lever m is passing 
from the highest point of the earn for the turret-slide feed to the point 
where the next cut is started. The rapid-motion crank I is operated by 
gears at the rear of the machine which are driven by positive clutch n, 
Fig. 29, on the driving shaft, which clutch is controlled by a lever and 
suitable mechanism for giving one complete revolution in similar man- 
ner to the feed-mechanism control already described. As crank I revolves, 
spring o is permitted to return the turret slide without the rack. The 
turret is then revolved in the manner described, and upon the crank ( 
coming to rest after it has completed one full revolution, the machine 
is ready for the next cutting operation. 

THE TWO CROSS SLIDES 

The cross slides are shown clearly in Fig. 34. They are operated by 
cut-off cam shafts Q, Figs. 28 and 34, driven from worm-wheel shaft k, 




Figs. 29 and 33, through the medium of bevel gears. The front slide is 
operated directly by a lever with gear segment formed at the upper end. 
The rear slide has an intermediate segment gear to reverse the direction 
of the movement. The cams for the two slides are conveniently placed 
side by side on their shaft (as at B and G, Figs. 26 and 28) and the 
portions which impart motion to the slides are alike in both cams. The 
racks with which the segments mesh extend beyond their respective slides 
and their projecting ends are threaded to receive nuts for adjusting the 
tools to their cuts. In addition to these adjusting nuts, stop screws are 
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provided at the rear as in Fig. 34, for insuring accuracy in forming 
operations. 




Fia. 35.— Operation of Deflector. 

Circular tools arc used on the cross slides and these are held ii 
position on blocks p p by screws q q and clamped by screws » 
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X^ t 4 ? 


4 5 6 


4S # ^ 

7 8 9 


10 M 12 


Sfc- Sfc %■ 

13 U l5 



1. Feed Chuck. 2. Spring Collet. 3. Box Tool. 

4. Box Tool with Cenk.iT 5. Pointing Tool. 6. Centering and Facing 

Drill. 8. Adjustable Hollow Mill Tool. 

7. Adjustable Hollow Mill (Roughing}. 9. Die Holder. 

(Finishing). 11. Tap Holder. 12. Tap Holder (Releasing). 

10. Die Holder (Releasing). 14. Floating Holder. 15. Back Rest for Turret. 
13. Drill Holder. 

Fio. 36. — Brown & Sharpc autoniiitir sitow machine tools. 
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16. Angular Cutting-off Tool. 17. Nurl Holder for Tin 
19. NurlHoIdcrforCrossSlide. 20. Recessing Tool. 
22. AdjustableGuideusedwith 21. Swing Tool. 

Tools 20, 21, 23. 
25. Cutting-off Tool Post 

(High). 



Fig. : 



—Brown & Sharpe automatic i 



.. 18. Nurl Holder for Cross 
Slide. 

23. Taper Turning Tool. 

24. Tool Post for Square 

26. Cutting-off Tool Post 
(Low). 
machine tools. 



HAND AND AUTOMATIC SCREW MACHINES 



DEFLECTOR 
In Fig. 35 is shown a deflector which is operated by an adjustable 
dog on carrier E and separates the work from the chips. The oil pump 
is driven by chains from the main pulley and is not stopped when the 
feed clutch is disconnected; thus an ample supply of lubricant on the 
work is insured at all times. 

TOOLS AND ATTACHMENTS 

Various tools used on this machine are illustrated in Pigs. 36 and 37, 
the names being given at the bottom of the half-tones. The illustrations 
are, in most cases, self-explanatory. No. 22 in Fig. 37, it may be stated, 
is an adjustable guide applied to the cross slide and used for operating 
recessing tool 20, swing tool 21, and taper turner 23. The latter has two 
back rests and one cutting tool whieh are independently adjustable, and 




Fig. 38.— Releasing 




the taper given the work is determined by the angle on the guide 22. 
When the proper taper is obtained, the tool and the back rests are with- 
drawn radially from the work, thus preventing tool marks on the finished 
piece. 

The construction of the releasing die holder is shown in Fig. 38. A 
is the driving pin and, when it is pulled out of the plate B, the die holder 
releases and, when the spindle is reversed, the ball C drives the die off. 
One hall recess is for right-hand threads and the other for left-hand 
threads. With this die holder the turret slide can move back some 
distance after the holder is released and still, as soon as the spindle is 
reversed, the die will be backed off the thread. 

No circular forming tools are included in the groups in Figs. 36 and 
37, but in Fig. 39 two circular tools and their holders are plainly shown. 
This illustration also represents clearly the tap-and-die revolving attach- 
ment which rotates the tap or die in the same direction as the spindle, 
but at one-half the spindle speed. It is of service where the work requires 
no other slow movement except that for threading and enables the 
spindle to be run at its maximum speed for satisfactory production of 
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the work, while "the tap or die is revolved at a suitable speed for 
threading. 

Fig. 40 shows the screw-slotting attachment which takes the screws 




Fig. 40.— Screw-slotting attachment, 



as they are left by the machine and slots them automatically. The saw 
is mounted on a slide and driven by a round belt from the countershaft. 
It can be adjusted for depth of cut by a screw at the back of the slide. 
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The screw to be slotted is held in a bushing carried in a floating holder 
mounted in a swinging arm which can be adjusted radially by a screw 
and nut on the rotating lever. The device is operated by cams that are 





& Sharpe No. 00 



mounted as indicated on the front shaft of the machine. The forward 
and upward movements of the arm are positive and the return move- 
ments are controlled by springs. 
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Another attachment (not shown) is for running a drill at high speed 
where small holes are required in the work. This attachment is also 
driven by a round belt from the counter. 

COUNTERSHAFT ARRANGEMENT 

Figs. 41 and 42 show the overhead works for the No. 00 automatic. 
As will be observed, there are two countershafts; the first one having 
8-inch fast-and-loose pulleys taking 3-inch belts. This shaft should run 
at about 450 turns per minute. The second countershaft is driven by a 
six-step cone pulley and has a drum 14% inches diameter, and two 
smaller pulleys 10% and 5J£ inches diameter respectively for operating 
the spindle pulleys. 

A double pulley running freely on the end of the shaft serves as an 
intermediate between the first counter and the feed-driving pulley on 
the machine. Thus a constant rate of speed is provided for the feed 
mechanism regardless of the spindle speed. 

SIZES OF MACHINES 

The chuck and turning capacity of the No. 00 machine, as already 
stated, is £ie by 1^ inch, the minimum length that can be fed being 2 
inches. The No. machine receives stock up to }.£ inch in the chuck, 
turns lengths up to 1% inches and has a maximum feeding movement of 
3 inches. The No. 2 machine handles material up to J-g-inch diameter, 
turns lengths up to 2^ inches and feeds any length up to 4 inches. 



CHAPTER IV 

LAYING OUT BROWN & SHARPS SCREW MACHINE CAMS 

This chapter on camming, prepared by P. E. Anthony, of Providence, 
R. I., gives a practical idea of the method employed in laying out the 
cams for the Brown & Sharpe automatic screw machine. The example 
taken is a simple screw, but the laying out of the cams and the methods 
employed are practically the same for a more complicated piece, except- 
ing that the lobes of the cams would necessarily have to be designed to 
suit the various operations on more complicated work. 

ORDER OF OPERATIONS 

Assuming that a screw as shown in Fig. 43 is to be made from com- 
mon yellow brass and the requirements are such that it is necessary to 
take roughing and finishing cuts to produce the desired blank size before 
threading, the following order of operations would be selected: rough 
turn with hollow mill; index turret; finish turn with box tool; index 
turret ; thread ; cut-off screw ; feed stock to stop ; index turret. 

The facing of the underside and the removing of the burr on the outer 
diameter of the head, as well as the indexing of the turret three times 
to bring the stop into position for feeding the stock for the next blank, 
are not considered in the above operations, as usually these operations 
can be performed during the time required for parting the screw from 
the bar. 

The spindle speed, length of cuts, feed per revolution of spindle for 
the various cuts, the time consumed by the idle movements, such as 
feeding the stock, indexing the turret and reversing the spindle, also the 
clearance between the turret and cross-slide tools, are taken into con- 
sideration to determine the total number of revolutions of spindle re- 
quired for completing the screw. The fastest spindle speed for the 
machine, which is 2400, can be used for brass. 

DETERMINING THE NUMBER OF SPINDLE REVOLUTIONS 

To determine the number of revolutions of the spindle required for 
the various cuts, divide the length of cut by the feed or advance of the 
lool per revolution of the spindle. Calculating on a feed nf 0.012 inch 
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for roughing, which cut is 1 inch long, 83 revolutions and a fraction of 
a revolution will be required. As it is not practicable to consider frac- 
tions of revolutions, the roughing cut will be given 84 revolutions. After 
the roughing cut, the turret is indexed to bring the finishing tool into 
position. The mechanism that rotates the turret maintains a constant 
speed, and the indexing of the turret, to bring another tool to the cut- 
ting point, requires one-half second in all cases. With the spindle run- 
ning 24O0 revolutions per minute, each change consumes 20 revolutions. 
It is an advantage, however, to allow extra revolutions for the operation 
to facilitate adjusting the dogs that control the mechanism ; allowing 22 
revolutions for the change will give the desired result. 

For the finishing cut, which is 1 inch long, and calculating a feed of 
0.012 inch per revolution, 84 revolutions will have to be allowed as for 
roughing. 

The pitch of the thread on the screw being 60 per inch, the number 
of revolutions required for running the die on the screw (which has a 
thread i/ 2 inch long) will he one-half of 60, or 30, actual revolutions. To 
this amount should he added extra revolutions for clearance; allowing 
33 revolutions for running the die on to the screw and the same number 
for backing the die off will give a total of 66 revolutions for threading. 

SPINDLE REVOLUTIONS REQUIRED DURING CROSS-SLIDE MOVEMENTS 

A certain amount of the cam circle must be allowed between the 
threading and cutting-oif operations, so that the cross-slide tools will 
not begin to advance to the cutting point until the die holder has dropped 
hack beyond the interfering point. The drop for each cross slide is 1 
inch, giving a distance of 2 inches from edge to edge of the cross-slide 
tools, with the slides in the backward position. 

The die-holder cap with adjusting screws requires approximately iy 2 
inches space to pass through ; as there are 2 inches between the cross- 
slide tools, should these tools begin to advance to the cutting point as soon 
as the die reaches the end of the screw (when backed off), there would 
be a trifle more clearance than actually required. 
. Consulting the templet shown in Fig. 44, it will be noted that 5 hun- 
dredths of the cam circle are taken up in advancing the cross-slide from 
its backward position (which is determined by the low portion of the 
cam) to the point where the tool commences the cut. The revolutions of 
the spindle during this clearance can be determined after finding the 
total revolutions required for the different operations and idle movement. 
The cutting-off tool, as shown in Fig. 43, is arranged with a parting 
blade that has a 23-degree angle on the cutting edge ; this is for the 
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purpose of making the parting close to the head of the screw, to avoid 
leaving a large teat on the piece when dropped. 

Using an angular blade, it is necessary to allow extra travel so that 
the low point of the angle can be carried a trifle by the center of the 
spindle to insure removing the teat on the bar, which is termed "by 
travel." Add to the radius (0.125 inch) of the bar used 0.019 inch, the 
amount of "by travel" required for the cutting-off tool plus 0.003 inch 
clearance to allow for variations in material, and we have a total of 
0.147 inch travel for the cutting-off tool; considering a feed or advance 
of 0.0015 inch per revolution, approximately 97 revolutions will be re- 
quired for cutting off. 

The facing of the under side of the head {the too! for which travels 
from Y$ inch diameter of stock to % diameter of finished size) requires 
a travel of 0.067 inch, including clearance to allow for variation in 
material; this cut carried at a feed of 0.0016 inch will require approxi- 
mately 42 revolutions. As this cut can begin at the same time as the 
cutting-off operation and will be completed by the time the screw is 
partially cut off, the revolutions required need not be considered when 
determining the total number. 

INDEXING AND STOCK-FEEDING ALLOWANCE 

As there are but four turret tools used in making the screw, it will 
be necessary to index the turret three times after the threatening opera- 
tion to bring the stop into position for feeding the stock for the following 
screw. The 97 revolutions allowed for cutting off will give ample time 
for these changes. 

An allowance of 22 revolutions must be added for feeding the stock 
to the stop after cutting off and indexing the turret, to bring the rough- 
ing tool into position for the following screw. 

The following table shows the total number of revolutions required 
for actual operations : 

K evolutions 

Roughing cut 84 

Index cut 22 

Finishing cut 84 

Index cut 22 

Threading 66 

Clearance 

Cutting off 97 

(Index turret three times; face under side of head) 

Feed stock 22 

Index turret 22 

419 
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As 5 hundredths of the cam circle must be allowed for clearance be- 
tween the die holder and cross-slide tools, the above total of 419 revo- 
lutions represents 95 hundredths of the cam circle. Dividing 419 by 95, 
the quotient, 4.41 (the number of revolutions in 1 hundredth), multi- 
plied by 100 gives a total of 441 revolutions of the spindle to complete 
the screw. 

SELECTING CHANGE GEARS 
AVith each machine a number of change gears are furnished to allow 
the cam-shaft speeds to be varied from 3 to 30 seconds per revolution. 
These gears allow variations of one second to be made. As the spindle 
makes 40 revolutions per second, selecting a train of gearing from the 
gear table (see Table 12) accompanying the machine, that will give a 
revolution of the cam shaft in 11 seconds, the spindle will make 440 
revolutions to one of the cam shaft. It will, therefore, be necessary to 
take away a revolution from one of the operations, the total being 441. 
Allowing 96 revolutions for cutting off, instead of 97, as previously calcu- 
lated upon, will not make any material difference to the feed for this eut. 

DIVISION OF THE CAM CIRCLE 

As it is not convenient to divide the cam blanks into various numbers 
of parts equal to the number of revolutions required for making different 
pieces, it is the general practice to divide the cam circle into 100 equal 
parts, as shown in Pig. 45. The number of hundredths for the lobes 
and spaces on the earns is obtained by dividing the number of revolutions 
for each operation by the total number, taking the nearest decimal 
with two places. For example: The number of revolutions for the 
roughing cut is 84; dividing 84 by 440, the result, 0.19, Is the number 
of hundredths of the cam circle required for the first cut. Reducing 
the remainder of the operations in the same manner the earn circle is 
divided as follows: 

Revolutions Hundredths 

Rough turn 84 19 

Index turret 22 5, 

Finish turn 84 lfl' 

Index turret 22 5 

Thread (Hi 15 

Clearance 22 5 

Cutoff 96 22 

Feed stock to stop 22 5 

Index turret 22 fl 

440 10(1 
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THE TURRET AND CROSS-SLIDE CAMS 

Commencing at the line opposite the 14-inch hole in the cam blank, 
as shown in Pig. 43, the turret-slide cam is divided as follows ; 
to 19, lobe for roughing cut ; 

19 to 24, space for indexing turret; ' • 

24 to 43, lobe for finishing cut ; 

43 to 48, space for indexing turret; 

48 to 63, lobe for threading ; 

63 to 90, reduced to diameter (2 1 / i inches) of cam carrier, allowing 
turret to dwell in rear position during the time taken up 
for clearance and the cutting-off and facing operation; 

90 to 95, lobe for feeding stock ; 

95 to 0, space for indexing turret. 
A clearance of 5 hundredths has been calculated on after threading 
to avoid interference of the cross-slide tools with the die holder, in which 
case the cross-slide cam for cutting off will commence at 68 and extend 
to 90. The parting of the piece from the bar will occur before the com- 
plete portion of the lobe has passed the roll on the cross-slide lever, due 
to the extra amount of throw on the cam necessary for removing the 
teat on the bar which has previously been termed "by travel," in whieh 
ease the stop for feeding the stock can be in position as soon as the 
cutting-off tool commences to drop back after cutting off. The travel 
of the facing tool, which commences at 14 diameter and is carried for- 
ward to Vg diameter, will be approximately 0.067 inch, including clear- 
ance; advancing the tool at 0.O016 inch per revolution, 42 revolutions 
will be required. To this number are added 2 revolutions for dwell of 
the tool at the finishing point, making a total of 44 revolutions, whieh 
takes up 10 hundredths of the cam circle. As 2 revolutions for dwell 
will require y 2 hundredth, the throw of 0.067 inch will take 9y 2 hun- 
dredths of cam surface. 

The facing operation commences at the same time as the cutting-off ; 
consequently the spacing of the front-slide cam wiil he from 68 to 77^ 
for advance of tool, 77% to 78 for dwell. 

The height of the various cam lobes is determined by the lengths of 
the tools to be used. The face of the turret is approximately 1% inches 
from the face of the chuck, with the turret-slide lever on a cam portion 
jy 2 inches diameter. 
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THE LAYOUT 

On the cam layout sheet, Pig. 43, three perpendicular, parallel lines, 
approximately 1 inch long, should be drawn, with a distance of 1% 
inches between the first and second, and iy$ inches between the second 
and third lines. The first line represents the faee of the chuck; the 
second, the face of the turret with the lever on a cam i\i> inches diam- 




.LUiisi-a 



eter; and the third, the faee of the turret with the slide in the rear 
position. A line drawn at right angles through the center of these lines 
represents the center of the spindle. The cross-slide tools and sample 
should be drawn to scale close to the cltuek line. The line representing 
the center of the spindle is necessarily the center of the piece to be made. 
The roughing and finishing cuts are carried close to the under side of 
the head of the screw. The hollow mill and the head portion of its 
holder, which extends beyond the face of the turret, is 1% inches long. 
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as shown in Fig. 46; as the under side of the head is approximately 
l"/ 32 inches from the line, representing the face of the turret in the 
forward position on a 41^-ineh cam diameter, it will be necessary to 
arrange for the high point on the lobe to stop at least */„ inch below 
the 4%-ineh circle on the layout sheet, so that the cut will not be carried 
forward to such a point that the proper thickness of head cannot be 
obtained. An extra thirty-second of an inch should be allowed to 
facilitate adjusting the tool, in which case the high point of the rough- 
ing lobe should stop '/ 18 inch below the 4 1 / ^-inch circle; as the rise on 
that lobe is 1 inch (the length of the cut), the low point will be l'/ia 
inches below the 4%-inch circle. 

THE TURRET-SLIDE CAM LOBES 

From the zero line to 19 hundredths of the cam circle, construct an 
increase curve, with a rise of 1 inch for the roughing cut. The method 
of laying out the increase curve, approximately, is shown in Fig. 43. 
With a templet as shown in Fig. 39 draw the line of drop, beginning at 
19 hundredths, and draw an arc equal to the radius (14 inch) of the 
turret-slide lever roll, tangent to the drop line, with the low point of the 
arc about '/, u inch below the starting point of the following lobe. The 
lobe for the finishing cut is a duplicate of the roughing. 

In constructing the threading lobes, it is the usual practice to allow 
the die head, which is arranged to slide on the holder, to draw away 
from the turret to prevent crowding the die on to the work, 

As 33 revolutions are allowed for running the die on to the screw, 
the advance of the die would be X3 / m (0.537 inch). From this, deduct 
0.060 inch to allow the die to draw away from the turret. The result, 
0.467 inch, is the rise for the lobe, and the drop for backing the die off 
of the screw must necessarily be the same. 

When determining the height of the lobe, the amount of "pull out" 
allowed for the die must be taken into consideration. 

The length of the die-holder head, as shown in Fig. 46, is l 7 / 32 inches 
plus 0.060 inch allowed for "pull out." The result, which is approxi- 
mately 1% 2 inches, is the total length of holder to be considered. 

The threading begins at 48 hundredths and requires 15 hundredths 
of cam surface. The rise for following the die on the screw would he 
0.467 inch (7y 2 hundredths). Locating the high point of the lobe at 
55% hundredths, the length of the holder plus */„ inch for clearance 
makes it necessary to cut the high point 1B / 32 inch below the 4%-inch 
circle. 

Construct the increase curve for the drop and rise in the same manner 
as shown in Fig. 43 for the roughing cut. 
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The die will have backed off the screw at 63 hundredths and the 
portion of earn surface from this point to the starting point of the stop 
lobe should be cat down 1% inches from the 4^-inch eirele to allow the 
turret to remain in the rear position during the cutting off and facing 
operations. Allowance should be made for the drop from the point on 
the threading lobe and the rise for the stop lobe, using the templet, 
Fig. 44, for constructing the lines. 

THE CROSS-SLID K CAM LOBES 

The cross-slide cam blanks are 41/; inches diameter. It is not neces- 
sary to cut the high point of the lobes on the cams below this diameter 
when using forming and cutting-off tools, as the slides are arranged with 
suitable adjustment for producing any diameter within the capacity 
of the machine. 

The rise and drop on the cro&s-slide cams are constructed from the 
templet, Fig. 44, and should bo spaced in the same manner as the turret- 
slide cam, using the locating-pin hole for the zero line, in order to time 
the cams properly when placed in the machine. 

The cutting off commences at 68 and is completed at 90 hundredths; 
the facing is from 68 to 78 hundredths. 

STOCK STOP, SPINDLE REVERSE, ETC. 

The stop lobe from 90 to 95 hundredths is without advance to pro- 
duce a dwi'll of turret slide while feeding the stock. From 95 hundredths 
to zero, a drop necessary to bring the turret slide lever roll '/i* inch 
below the starting point for the roughing cut is constructed. 

The reversing of the spindle docs not consume time enough to make 
it necessary to allow on the threading lobe for this change. The revers- 
ing of the spindle from backward to forward after cutting off can be 
carried on during the operation of feeding the stock or revolving the 
turret. 
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CHAPTER V 



THE CLEVELAND AUTOMATIC TURRET MACHINE AND ITS 
CAM ADJUSTMENTS 



One of the types of turret machines made by the Cleveland Auto- 
matic Machine Company, Cleveland, Ohio, is illustrated in Figs, 47, 48, 




and 49. The latter is in reality a plan view of a different size of machine 
than that shown in Figs. 47 and 48, hut the construction is essentially 
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SPIHDLE DRIVE 
On the Cleveland machines, except in the cases of those huilt for light 
forming and brass work, which are direct driven, the spindle is driven 
by gears arranged on the shaft parallel to and behind it, so that a single 
belt running continuously in one direction will, when shifted from one 
pulley to another, drive the spindle alternately in opposite directions, 




as is required in threading a ecrew and backing off the die. These gears 
are usually so proportioned that the speed of the spindle is greater when 
running in one direction than the other, so that in threading the die may 
be run off the screw at a much higher speed than is used in cutting the 
thread. Other operations, including cutting off, may also be run at the 
higher rate of speed. The movement for reversing the spindle when 
threading is practically an instantaneous one and the full width of the 
belt is used until the operation of threading is completed. The spindle 
carries the usual type of spring chuck and feed tube for the bar stock. 
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TURRET AND CROSS SLIDE 

The turret for carrying the tools is mounted on a horizontal shaft 
located parallel to the spindle. The tools are held in a concentric posi- 
tion in the front end of the turret and the latter is indexed and locked 
at its periphery on a radius larger than that of the circle in which the 
tools are disposed, thus serving to maintain proper alignment of the 
tools with the work spindle. The means of supporting the turret during 
its forward and backward movements in the head, and the location of 
the longitudinal indexing notches in its periphery, are shown clearly, as 
is also the arrangement of the cross slide, which ordinarily carries two 
tool posts, one or both of which may be used as operations require. 




Fio. 49.— Cleveli 



GENERAL SYSTEM OF OPERATION 

The mechanism for operating the turret and the cross slide, as well 
as the stock feed and chuck, is driven through speed- changing friction 
disks, by a quarter-turn belt from the countershaft which drives the 
work spindle. This feed-driving mechanism, by means of pranetary 
gears and suitable clutch connections, provides an automatically con- 
trolled rapid traverse for the turret and cross slide during the non- 
cutting movements and a slow, readily regulated rate of travel during 
the actual cutting operations. The method of controlling this feed drive 
will be referred to later. It will be understood, of course, that turret 
and cross slide, feed mechanism, etc.. may be conveniently operated by 
hand by means of crank handle and lever, when setting up for a given 
pieee of work. 
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An inspection of the half-tone engravings and the line drawing, Fig. 
50, will reveal the location and character of the various cams, the means 
of controlling the spindle-driving belts, and other features of importance. 

ARRANGEMENT OP CAMS 

The cams may be classed under the following names: Turret cams, 
feed-regulating cams, cross-slide cams, chuck opening and closing cams, 
stock-feed cams. These cams are all clearly shown in position, in the 
half-tone engravings, and are represented also in the drawing, Fig. 50, 
which is a plan view of the operating mechanism. 




Fig. 50. — Camming iliag 



The turret cams located just to the rear of the turret, as seen in Figs. 
47 and 49, are shown at C and D in the diagram, Fig. 50. These cams 
are fixed and are never changed. The forward and back movements 
of the turret E, controlled by these cams, arc constant for all kinds of 
work; the idle travel of the turret, before the tools reach the work, is 
made at high speed, the cutting feed being tripped in just as the tool 
reaches the point at which it is to start cutting. The feed of the turret 
to every revolution of the spindle is variable to suit the conditions of 
each individual tool held in the turret. That is, if there are five cutting 
.tools in the turret and each tool requires a different feed from any of 
the others, each individual rate of feed is obtainable by means of the 
adjustable feed-regulating cams. 
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FEED-REGULATING CAMS 

These cams, as seen in the general views, and at F, Pig. 50, are strips 
of flat steel ] /jxl inch, and each cam is held in place by two screws. The 
cams may be moved across the face of the drum G, this movement being 
provided for by slots milled in the drum, where the screws clamp the 
cams; also, they may be set at slight angles, taking peculiar staggered 
positions, as may be seen in the drawing. There are two of the cams 
for each hole in the turret, and the amount of feed per revolution of 
spindle is controlled by these cams to suit the individual requirements 
of each tool, 

In setting these cams the operator watches the cutting tools and 
adjusts the cams until the tools are removing the desired amount of 
stock per revolution of spindle. A slight change of angle on any of the 
cams produces a noticeable difference in the turret feed. The cams act 
through the medium of the levers H, which raise and lower the friction 
roll / between the friction disks and so give the variable feed. The 
disks are clearly shown in Figs. 48 and 49, as well as in the drawing just 
referred to. The cams F that are set at an angle, or staggering, as they 
appear in the drawing, arc in most eases intended for carrying the roll 
from one earn to another ; that is, from the cam set back to the one for- 
ward, or vice versa. There are, however, occasional cases when a earn 
may be used at an angle, say in drilling certain holes. Thus the drill 
can start in with the feed decreasing, or increasing, as it advances. When 
using a drill that is not an oil feed, the lubricant does not reach the cut- 
ting edge as the drill advances; for this reason it may be desirable not 
to feed the drill so rapidly, and in such instances it is advisable to use 
the feed -regulating cam set at an angle. 

CROSS-SLIDE CAMS 

The drum J, carrying the cross-slide cams, has (as will be noticed in 
Figs. 48 and 49) a number of rows of tapped holes around the periphery. 
The cams A and B are standard for all work and are adjustable around 
the drum. The rate of feed of the cross slide is variable, this also being 
controlled through the regulation of the cam-shaft speed by the feed- 
regulating cams F, in combination with the turret feed. If a forming 
tool is working in conjunction with a drill, the feed is set for the heaviest 
cut each tool will stand. If a cut-off tool is working either in conjunc- 
tion with another tool or individually, the cams that take care of this tool 
are adjusted without interfering with other tools in the different opera- 
tions. 
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CHUCK OPENING AND CLOSING CAMS 
These cams are shown at E, and are also visible in the half-tone 
illustrations. As there shown they are cast solid on the face of a seg- 
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Fig. 51. — Setting-up chart for Cleveland automatic (actual b 



: 12 inches). 



raent for bar work, while for magazine and double-camming work a drum 
is used. For bar work adjustment is unnecessary, as the cams are cast 
in the correct position to allow ample time for chucking the longest 
piece within the capacity of the machine. 
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STOCK-FEED CAM 

The stock-feed cam L, which answers for all work except where double 
feed is required, is cast to the required shape and clamped to the cam 
shaft. The general form is well illustrated in the rear view, Pig. 48, 
where the earn is shown just to the left of the cross-slide drum. Its 
adjustments are either around the cam shaft or lengthwise upon it. 

In case double feed is desired, that is, if it is required to feed the 
stock twice to one revolution of the cam shaft, a drum is put on the 
shaft in place of this segment, and two cams, which arc cast in the same 
outline as the segment, are fastened to the drum. 




Fin. 52. — Independent eut-off attachment. 



THE SETTING-UP FORM 
Fig. 51 illustrates a printed form that accompanies machines that are 
tooled and covers all adjustment necessary in doing any class of work. 
The feed-regulating drum, shown at G, Fig. 50, and the cross-slide drum 
/ are both represented on this sheet, which is designed to simplify the 
setting up of the machine when changing from one job to another. 

SPEEDS, FEEDS, ETC. 

The countershaft diagram is included in the drawing, Fig. 50, M 
being a three-step cone belted from the main line; N the drum from 
which the spindle-operating pulleys are driven ; P a pulley for driving 
the feed mechanism through the medium of a quarter-turn belt passing 
over pulley Q. 

In setting up a job on the machine, the speed at which the spindle 
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must revolve in order to get the peripheral speed of work best adapted 
to the tools is the first consideration and is obtained by placing the belt 
from the line shaft on the most suitable of the three steps of counter- 
shaft pulley M, giving a fast, medium, or slow countershaft speed. As 
the tool feed is variable between widely separated extremes of feed, the 
changing of the speed of the countershaft does not affect the feed of 
the tools, as the feed-regulating cams F are adjusted to accommodate the 
faster or slower speeds of the countershaft and produce the desired rate 
of feed of the cutting tools per revolution of work. 

ATTACHMENTS AND TOOLS 

A number of useful attachments arc made for this machine and two 
of these are shown in Figs. 52 and 53. The independent cut-off attach- 




Fig. 53— Third spindle-speed 



ment is designed to be used in cases where the forming to be done is too 
long for one forming tool and without this attachment would have to 
be partly formed on the automatic machine and finished by a second 
operation in another machine. By using the independent cut-off device 
two forming tools can be used ; one on the front of the cross slide and 
one on the rear; the piece being cut off by the attachment which is in no 
way connected with the cross slide, but rests on the hood of the live 
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spindle "and the cam shaft, and is operated by a cam on the latter. In 
this way the pieee is completely finished on the automatic machin e 

THIRD SPINDLE-SPEED ATTACHMENT 
Another important device is the third spindle-speed attachment by 
which a alow spindle speed forward is obtained in addition to the regn- 




FiG. 54.— Boiler rest box tooL 

lar forward and reverse speeds. This attachment is of service especially 
when taking heavy cuts or threading wort of large diameter and coarse 
pitch. "With the belt on pulley A, Fig. 53, the normal speed is obtained ; 




Fig. 55. — Combination drilling and chamfering tool. 

with the belt on pulley B and clutch C in operative position, the slaw 
spindle speed is derived through the medium of the planetary gears. 
When the belt is on pulley D the rapid reverse speed is secured for back- 
ing off the die or for putting off the stock. Clutch C is controlled by 
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cams on drum E and is engaged with pinion F to hold the pinion f ast 
when the spindle is to be driven at slow speed by operating the belt on 
pulley B. When the clutch is disengaged, releasing pinion F, B becomes 
a loose pulley. 

An important attachment not shown here is a magazine for enabling 
the machine to handle small castings and forgings requiring operation 
on one or both ends. 




Fis. 56. — Adjustable boring tool. 



TURRET TOOLS 

A few typical turret tools are illustrated in Figs. 54 to 59. The first 
of these is a roller rest box tool with independently adjustable rolls to 
accommodate different sizes of stock, and with three turning tools adapted 
to be adjusted in the manner indicated. The block nearest the inner 




Fig. 57. — Tap and die holder. 

end of the box tool carries an auxiliary steady rest with a roll at its end 
which may be applied when the work is reduced to such a small diam- 
eter that it is liable to spring away from the cutting tool which is shown 
opposite the rest in a vertical position. Fig. 55 shows a combination 
drilling and chamfering tool. Fig. 56 is an adjustable boring tool which 
may be used when it is necessary to secure perfect concentricity with 
the exterior of the work. Fig. 57 is a die and tap holder in which the 



ITS 
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socket for the die or the tap is connected with the holder proper by a 
pair of rolls operating in oppositely located slots. This gives the thread- 
ing tool considerable freedom longitudinally and assures accurate results 
even though the turret itself is not fed forward at the exact speed with 






Fig. 58. — Roller steady rest. 

which the die is drawn onto the work. Fig. 58 is a roller steady rest 
used where it is advisable to support a piece of work undergoing forming 
operations. The method of adjustment is sufficiently clear to require no 
explanation. 




Fig. 59. — Combination undercut forming and cut-off tool. 



COMBINATION UNDERCUT FORMING AND CUT-OFF TOOL 

This style of tool, shown in Fig. 59, is used very extensively on the 
Cleveland machines. It will be noticed that it has an adjusting wedge 
so that the work diameter can be varied more or less. In using the form- 
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ing tool in combination with a cut-off tool, the undercutting tool is set 
in advance of the cut-off ; in other words, it pusses under the work, com- 
pleting the outside of the piece and keeps in advance while the cut-off 
tool is severing the piece from the bar. In combination with the forming 
tool it rounds the corner or produces any shape desired before the cut- 
off tool on the opposite side of the slide has advanced to sever the piece. 

MACHINE CAPACITIES 

The regular turret machines of the type illustrated in this chapter 
are built in a wide variety of sizes; the smallest having a chuck capacity 
of 14-ineh and turning lengths up to 1% inches, while the largest, which 
is intended for handling tubing of large diameter and for forming bevel 
gears and other parts from the bar, admits 6-inch material through the 
chuck and is capable of turning lengths up to 6% inches. A line of 
"plain automatics," operated on the same principle as the machine de- 
scribed, are built with a single tool head in place of the regular turret. 
These are intended especially for manufacturing studs, rollers, short 
screws, taper pins, etc., where the forming may be done entirely with the 
cross-slide tools. Several sizes of automatic chucking machines are also 
built by this company, these being adapted for finishing castings and 
forgings which are handled in jaw chucks or on face plate fixtures. 
These machines, in general design and operation, are similar to the 
regular turret machine illustrated. 



CHAPTER VI 

THE ACME MULTIPLE-SPINDLE AUTOMATIC SCREW MACHINE 

The multiple-spindle automatic screw machine bnilt by the National 
Acme Manufacturing Company, Cleveland, Ohio, is illustrated in its 
latest form with single-helt drive in Pigs. 60 and 61. When equipped 




— Acme multiple- spindle automatic 



machine. 



for m ot or drive the single driving pulley is replaced with a spur gear and 
the motor connected to this is carried on a bracket placed at the left of 
tin* gi'iir. 

The machine ns shown consists primarily of a cylinder A, Fig. 60, 
holding four stock-carrying spindles and a series of slides carrying tools 
which operate on all four bars from the side, top, and end at one time. 

As there arc two slides operating from opposite sides of the machine, 
ISO 
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two from the top and one (the main slide, which is capable of carrying 
four tools, one for each spindle) from the end, it is possible to use eight 
separate tools at one time — two on each bar, one from the end and one 
from the side. 

After a bar has been operated upon in the first position by one pair 
of tools, it is carried on to the next pair by the cylinder which is indexed 
by quarter turns. In this manner, after three sets of tools have finished 
their work upon the piece, it is carried to the fourth position where the 




FlO. 61. — Acme multiple- spindle automatic 



machine (re 



final tools (one of which is a cutting-off blade) operate upon it. This 
gives a finished piece at each quarter turn of the cylinder. As all tools 
work simultaneously, the time required for the longest single operation 
is the time necessary to finish the piece. 

It is frequently possible to combine two or more tools, such as a box 
tool and a drill, two dies, die and tap, drill and countersink, etc., or to 
use special attachments, described later. In such cases more than eight 
operations are readily performed. 

The stock is fed in the manner generally adopted on automatic screw 
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machines, all movements being cam controlled and positive. The length 
of feed and position of the gage stop are easily changed to meet the 
requirements of the work in hand. The gage stop on this machine does 
not occupy one of the end tool positions, but is so arranged that the 
stock is fed against it during the quarter turn of the cylinder on the 
smaller machines, and just before the tools engage the stock in the first 
position on the larger sizes, the stop being swung back to allow the tools 
to come into contact with the stock. 

DRIVING AND SPEED: CHANGING MECHANISM 

The drive to the four work spindles is transmitted by the longitudinal 
shaft and connecting gearing as illustrated in the general views and in 
Pig. 62, and the speed-changing mechanism and cam-shaft drive are 
arranged as represented in Fig. 63. 




Fig. 62.— Acme spindle drive. 

A change-gear system is used in connection with these mechanisms 
in order to transmit driving power, as well as facilitate rapid changes 
in the spindle speeds and tool feeds. 

The stock-spindle speeds are controlled by back gears A, Fig. 63. 
When running direct, gears on the stub B are slipped out of engagement 
with those on the pulley hub and top shaft, or removed entirely. 

Direet drive is obtained by first sliding gears on the stud out of mesh, 
then binding together thimble C and pulley (or gear, if motor driven), 
with the two screws furnished for this purpose. "When changing from 
direet speed, the two thimble screws are removed before placing the gears 
on the stud in mesh with the gears on the pulley hub and shaft. To 
change the spindle speed, the vertical section of overhanging arm D is 
removed by removing screw E, after which thimble C is removed, the 
pulley (or gear, if motor driven) slipped off of the top shaft and the 
gears slipped from the hub of the pulley and stud, replacing with the 
gears to be used. 
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FEED CHANGES 
Feed-rate changes are controlled by gears F, Fig. 63, through which 
the cam shaft is operated. The idle movements of the maehine (those 
which occur when the tools are not operating on the work, such as feed- 




Fiq. 63.— Spindle 



shaft change gear and driving n 



ing in of the rods, indexing of cylinder, movement of tool slide toward 
and from the work, etc.) occur when the machine is running at the con- 
stant or direct speed, or when sliding clutch G is engaged with the teeth 
in clutch collar H. Through the use of roller clutch J the feed-change 
gears remain idle during these movements. Various classes of work can 
be produced at a higher rate than is provided hy the direct-feed drive. 
This is accomplished by the use of certain combinations of change gears 
and is clearly set forth in a gear table, supplied with the machine. The 
shifting of sliding clutch G is controlled automatically by arm K, Fig. 60, 
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operated by dogs or cams on drum L; also by hand lever M. With the 
hand lever to the extreme right, arm K is removed from the zone of the 
dogs or cams on drum L, and the feed mechanism is rendered inoperative, 
except on the slow or cutting speed. The lever cannot be moved in this 
direction during the idle movements, or when the feed mechanism is 
being operated on the direct or fast speed, and when in this position 
cannot be moved to throw the sliding clutch in engagement with the 
teeth of the direct-drive eluteh, thereby eliminating the possibility of 
trouble which might be caused by jamming the tools against the work 
on the fast or direct speed. This hand lever will be found very con- 
venient during the work of setting up the machine, as by its use the 
amount of hard cranking can be very materially reduced. 

Clutch G, Fig. 63, should always be in a neutral position when the 
hand crank is being used. The shifting action of this clutch may be 
regulated by slight adjustment of angular earn N, and its proper en- 
gagement with the stationary clutches is assured by tension on the spring 
which operates plunger P, this tension being increased if found neces- 
sary by turning nuts R to the right. 

Frictions S and T are employed in connecting the feed-change gears 
to the sprocket shaft and the small sprocket to the worm shaft, their 
use being a safety measure as they will slip in case of accident causing 
unusual strain on the machine, and thus prevent the breakage or dis- 
tortion of the more vital parts of the mechanism. 

CAMS AND CAM SHAFT 

The cam shaft carries the drums and disk to which are attached the 
cams which control the several movements of the machine, and in addi- 
tion the indexing segment for the cylinder carrying the four work 
spindles. The proper indexing of the cylinder depends upon the index- 
ing segment, and especially upon the last tooth, which- is made adjustable 
to compensate for such gear as may occur at this point. 

To drum or disk B, Fig. 61, are attached the cams or dogs which 
operate the lever controlling the change from the idle to working speeds 
of the machine, and with the exception of machines Nos. 51, 515, and 52 
the lever operating the thread -star ting mechanism. 

Cam drum C, Fig. 61, operates the main tool slide, and on machines 
Nos. 51, 515, and 52 the thread-starting mechanism. The grooves in 
this drum are for what are known as the "backing-up" strips, which 
are used to relieve the strain on the screws that hold the lead cam — the 
cam which feeds forward the main tool slide. The cross slots in this 
drum provide for adjustment of the cam which controls the rapid move- 
ment of the tool slide toward the work before the cuts are started. 
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Disk D, Fig. 61, carries the cams which operate the cutting-off and 
forming tool slides. There are two sets of screw holes in this disk for 
locating the cutting-off cam, one set of holes to be used when there is 
no operation to be performed from the fourth position of the main tool 
slide, the other when this position is used. It is necessary to use the 
extra set of holes when an operation is being performed in the fourth 
position from the main tool slide in order to delay the cutting-off opera- 
tion until the tool slide recedes sufficiently to allow the tools in the fourth 
position to clear the work before the piece is entirely cut off. 

Disk E, Fig. 61, operates the cylinder-locking levers. On the small 
machines this disk is outside the leg. Disk F operates the oscillating 
gage stop on machines Nos. 53, 54, 55, and 56. Machines Nos. 51 to 52 
are equipped with stationary gage stop and this disk will, therefore, not 
be found on these machines. Cam drum G carries the cams which operate 
the frictions, chucking and non-chucking levers, and feeding mechanism. 
Cam shaft end play is taken up by collars at L. 

THE WORK-SPINDLE CYLINDER AND CYLINDER CASING 

The cylinder A, Fig. 60, for the work spindles is of gray iron, the 
bearing surface of which is ground to size. The internal surface of the 
cylinder casing B is also ground to size ; compensation for wear of either ' 
the casing or cylinder being provided by a slot in the casing. Contrac- 
tion and expansion of the casing is controlled by screws C and D. To 
contract the casing loosen the screws in top bracket E, turn screw C to 
the left, and screw D to the right. "When proper adjustment is secured 
turn screw C to the right. To expand the casing turn screw D to the 
left, then screw C to the right, after which screw D to the right. Longi- 
tudinally the cylinder is held in position in the cylinder casing by a 
flange on the cylinder and adjustable clips F. "When the cylinder is 
indexed by the segment gear G, Figs. 60 and 64, it is brought into correct 
position by plunger M, Fig. 64, when the proper alignment adjusting 
screw N, Fig. 64, is resting upon half-round plunger P. Plunger M is 
designed to enter only a short distance into bushing R, the tapered por- 
tion of the plunger striking the upper wall which, with the assistance of 
springs 8, insures perfect contact between adjusting screw N and half- 
round plunger P. 

WORK SPINDLES, BEARINGS, ETC. 
The work spindles are of steel, chucks of the push type being used. 
Each nose piece is ground in place on its spindle. Bronze parallel bear- 
ings are used in the cylinder. The front and rear tapered bearings are 
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Fig. 6*. — Indexing and locking mechanism. 
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Fig. 65. — Spindle construction. 
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of bronze, both running in hardened and ground steel bushings. The 
longitudinal movement of the spindles is adjusted for end play by turn- 
ing collars N, Fig. 65. To adjust the chucks to the rods, finger-holder 0, 
Fig. 65, should be turned to the right (after first unscrewing the set 
screw) if it is desired that the chucks grip the stock tighter, or if less 
tightly, to the left, the set screws being tightened after the proper ad- 
justment has been secured. The feed chucks are threaded to turn right- 
handed and fit closely in the feed tubes to prevent their coming loose 
when the machine is in operation. As the work spindles rotate to the left 
the nose pieces have left-hand threads. 

FRICTIONS 

The friction spindles, Fig. 65, which make it possible to hold one 
work spindle stationary while the remaining three continue to rotate, 
are made up of four principal parts, viz.: sleeve A; male tapered section 
and gear B; female tapered section C; spring scat D. The work spindles 
as already stated are driven by a gear attached to the spindle-driving 
shaft meshing with the geared portion of the male tapered section B, 
engaging female tapered section C, which is keyed to sleeve A; sleeve 
A being keyed to the work spindle. Sections B and C are held in en- 
gagement by springs E. "When sections B and C are not engaged, sec- 
tion B not being keyed to sleeve A rotates freely on it, and section C, 
sleeve A, and the work spindle remain stationary. Disengagement of 
members B and C resulting in the work spindle being held stationary 
is necessary, while threading, cross-drilling, side milling, or other special 
operations of this nature arc being performed. Where the friction caused 
by lever F compressing springs E is insufficient to hold the work spindle 
stationary, which may be the case when culling coarse threads, adjust- 
able plunger 6 located on the under side of bracket L (which bracket 
is attached to the cylinder casing) is brought into contact with lug M 
inserted in section G of the friction. This will prevent rotation of the 
work spindle during the threading operation. The length of time the 
work spindle must be held stationary is determined by the duration of 
the threading or special operations. The opening and closing of the 
friction is controlled by cams on cam drum G, Fig. 61, operating through 
a roll, lever A, and a toggle-locking device. The opening cam is positive, 
while the closing cam is adjustable on the earn drum. In the larger 
machines positive clutches are used in place of frictions to provide against 
slipping; these are operated in the same manner as the frictions on the 
smaller machines. 
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MAIN TOOL SLIDE 

The main tool slide, Pig. 66, carries the tools usually carried in the 
turret of single-spindle machines, i.e., those worked from the end. Four 
is the maximum number of tools it will accommodate, although by the 
use of combination tools in these positions, more than four operations 
may frequently be performed. The locations of the several tools are 




designed as "positions." Tiic first is the position from which the tools 
engage the bar on which the forming tool is operating. The second, 
that above and vertically parallel to the first position; the third, opposite 
to and horizontally parallel to the second position; the fourth, below and 
vertically parallel to the third position. 

The tool slide is moved toward and from the work by cams bolted 
to cam drum A, Fig. 66, operating on a roll attached to adjustable slide 
B, which is bolted to the body of the main tool slide. 

It is good practice to have the shanks of tools extend as far back in 
the tool spindles as possible in order to secure increased rigidity. To 
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make this possible two methods of adjustment are provided when chang- 
ing from long to short work and vice versa, viz., the changing of the 
position of the lead cam on the cam drum, also that of adjustable slide 
B, Fig. 66. 

When it is necessary to form an operation from the fourth position 
in the tool slide, about 4 inches should be taken off the wide end of the 
lead cam on Nos. 53 to 56 machines inclusive, and about 3 inches on the 
Nos. 51 to 52 machines. This is done to allow the tool in this position 
to clear the work before the piece is cut off. 

If desirable, the tool spindle in the second position can be rotated by 
means of the gears driven by the sliding gear keyed to the spindle-driving 
shaft for driving the threading spindle. The back plate attached to the 
rear of the vertical portion of the tool slide with screws and spacing 
collars carries a stud upon which the intermediate gear that drives the 




Fio. 67. — Speed change gear for threading spindle. 

tool spindle in this position rotates. This spindle may be driven by 
loosening a collar at the rear sufficiently to allow it to rotate freely, 
unscrewing a nut on the stud and moving the stud sufficiently to bring 
the intermediate gear into mesh with the gears on the spindle-driving 
shaft, then tightening the stud again by screwing up the nut. The rota- 
tion of the second position tool spindle is found very convenient in eases 
where a very small hole is to be drilled. Screws are provided for use 
in adjusting the position of the individual tools in the tool slide and also 
serve as a gage stop in resetting tools in their original positions after 
they have been removed from the slide. 



THREADING MECHANISM 

The threading mechanism is so constructed as to allow for the thread- 
ing operation as much time as is consumed in the longest milling, drill- 
ing, or forming operation, thus insuring good threads, and long life for 
the threading tools. 

Oil is forced through the die spindle into the die from the rear, thus 
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providing ample lubrication. The die spindle is rotated by means of 
sliding gear E, Fig. 61, which is keyed to and driven by the top shaft. 
When the die spindle is not in use clip F can be raised and the gear 
dipped out of mesh with the threading- spin die gears. When clip F is 
in engagement with the groove nearest the teeth in gear E the threading 
spindle sleeve will be driven direct and at its highest rate of speed. 
When clip F is in engagement with the groove farthest from the teeth 
in gear E the sleeve will be driven through the intermediate and com- 
pound gears and H at its lowest rate of speed. The threading-spindle 
sleeve rotates about seven times as rapidly when driven direct as when 
driven through intermediate and compound gears. In threading brass 




Fig. 6S. — Threading mechanism. 

or cutting very fine threads on soft steel, the direct drive may be used. 
In most other cases it is advisable to use the intermediate drive. 

The threading spindle is driven by pins A, Fig. 68, attached to the 
threading-spindle sleeve, engaging pin B in the spindle. Pin B is 
adjustable for length, this adjustment being used when the pitch of the 
thread is such that the forward travel of the tool must be faster than 
that of the tool slide. These pins are furnished in various lengths. 
When the tool becomes slightly dulled, or when the die has a shallow 
throat (which is necessary when the thread is to be cut close up to the 
head or shoulder of the work), the device in Fig. 68 is brought into use. 
This is known as the thread starter and operates as follows: 

At the time the tool is in position where it just touches the end of 
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the blank to be threaded, roll D should be adjusted so as to be brought 
into contact with swinging pawl E, the roll holder being adjustable on 
rod F , which is operated by an adjustable cam on cam drum B (Fig. 61), 
through lever 6, Fig. 68. Spring H compensates for any slight varia- 
tion there may be in the length of the blank, making the starting of the 
tool positive, but the operation of the mechanism flexible. End play in 
the threading-sp indie sleeve is taken up by collars L. 

After the tool has completed the operation of threading, the work 
spindle is released (as explained in connection with the operation of the 
frictions) and the tool runs off when the ratchet N on the rear end of 
the die spindle engages flexible pawl M, all receding with the tool slide. 
In setting tools for threading, before starting the machine the ratchet 
should clear flexible pawl M from % to */,„ inch when pins A and B 
on the threading-spindle sleeve and spindle arc placed end to end. With 
the regular threading mechanism only right-hand threads can be cut, 
but the maehine can be equipped with left-hand threading attachment 
when so desired. 




FORMING AND CUTTING-OFF SLIDES 
These slides are made adjustable for position lengthwise of the ma- 
chine. This makes it possible to change the longitudinal position of the 
cutting-off and forming tools without disturbing the tools themselves. 
The cutting-off tool when of the blade variety is adjustable for height by 
means of a screw in the slide. A gage for setting the forming tool to 
the proper height is furnished with each maehine. 
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On machines Nos. 52, 55, and 56 both the levers which operate the 
forming and cut-off slides II, Figs. 60 and 61, and the bracket in which 
they are pivoted, arc drilled in two separate locations. This double 
drilling makes it possible to form deeper and cut off larger diameters of 
stock when the levers are pivoted in the lower holes without substituting 
cams of a greater throw or travel, as designated in a table accompanying 
the machine. 

TOP SLIDES 

Two of these slides arc provided, operating in second and third 
positions as represented in Figs. 60 and 61. They are adjustable length- 




FiG. 70. — Spring-collets and frcrl chucks. 



wise of the machine and are used for knurling, thread-rolling, shaving 
light forming, etc., and are very useful in producing many varieties 
of work. Their operation is provided for through bar cams attached 
to the lool slide. Cam M, Fig. 61, moves the top slide toward, and cam 
A* from the work. These cams can be readily filed to any angle, thus 
providing whatever feeds may be deemed desirable for the tools in use. 
In operating tools in these top slides, care must be exercised in having 
earn M notched and the tools so set that the slides will be in their original 
position and the tools out of the way before the indexing of the cylinder 
carrying the work spindles takes place. 

The earns rarely need changing as the set provided with the machine 
covers a wide range of work; extreme eases, however, require a faster 
or a slower feed. 
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TOOLS AND ATTACHMENTS 
Fig. 69 illustrates the machine as it appears equipped with tools for 
each position for operation on four rods at the same time. Fig. 70 is a 
group of collets, feed chucks, and jaws. 




Pra. 72. — Shaving and thread-Tolling tools in positi 



Fig. 71 is a set of tools for machining a stud shown at the center of 
the group. As this work is indexed through the four positions, the tools 
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operate as follows : Forming tool and lower box tool in the first position ; 
shaving tool and box tool with roller rest, second position ; die in the third 
and cut-off tool in the fourth position. The shaving tool shown just 
above the die is mounted in the machine as illustrated in Fig. 72. It 
consists of a holder carrying a rest and a shaving blade, the holder being 
pivoted to allow the blade and rest to find their own center. As the 
distance between blade and rest when once set is positive, and as the tool 
is allowed to find its own center, it produces very accurate results. 

The thread -rolling tool mounted as shown in Pig. 72 is especially 
adapted for rolling a thread at the back of a shoulder. It consists of a 




Fig. 73. — Croes-driUi 



thread roller mounted in a holder which is secured in the rear top slide. 
It produces smooth, accurate threads and is obviously applicable to many 
cases where a die cannot be operated. At the same time it may be used 
satisfactorily at the front side of a shoulder where ordinarily a die 
would be employed. 



CROSS-DRILLING ATTACHMENTS 

The cross-drilling attachment shown in Fig. 73 is operated in the 
third position, where provision is made for stopping the rotation of the 
stock to allow for threading and other operations. The attachment is 
secured to the cutting-off slide and actuated by the cutting-off lever. On 
the larger sizes of machines sufficient feed for the drill is obtained by an 
auxiliary lever at the side of the attachment, which increases the throw 
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of the cam. Adjustments arc provided for governing the depth and 
position of the hole in the work. The drill spindle is operated by a belt 




Fio. 74. — End-milling attachment. 

from a countershaft. By using a combination tool it is possible to drill 
and countersink a hole at the same time. 

Cross drilling from the top of the piece may be accomplished by 
means of an attachment used in place of the top slide over the third 




Fig. 75. — Side-milling attachment. 

position. This attachment may also be used in conjunction with the one 
on the cutting-off slide, the holes being drilled at a given angle to each 
other. Also, when required, the machine may be modified to allow the 
two holes to be positioned at any angle with each other between 90 
degrees and a few degrees from parallel. 
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MILLING ATTACHMENTS 

There arc two forms of end milling attachments for the machine, one 
being driven by belt ; the other by gears. The latter type is illustrated 
in Pig. 74, and is adapted to the heavier classes of work; for example, 
where two cutters are required. These attachments are operated from 
the main tool slide, opposite the third stock position owing to the neces- 
sity of having the stock stationary during the drilling operation. Either 
attachment can be used in conjunction with cross-drilling or side-milling 




i. — Slotting ami milling attachment. 



attachments, but are not applicable where threading operations are re- 
quired, as their position on the machine is then occupied by the threading 
spindle. 

A side-milling attachment is shown mounted on the cross slide in 
Fig. 75 ; and in Fig. 76 a slotting attachment is illustrated, the work 
handled in this device being received from the spindle by a turret holder 
and carried around in front of the saw or saws as the case may be. After 
the operation the piece is ejected in the manner indicated. 



SECTION IV 
SCREW MACHINE TOOLS 

METHODS OF MAKING AND USING THEM 

CHAPTER VII 

AUTOMATIC AND SEMI-AUTOMATIC CHUCKING AND TUENDTO 
MACHINES 

As already noted, there are many automatic and hand-operated screw 
machines and turret lathes which cannot be described in this treatise 




owing to space limitations. Among such machines are the magazine type 
where castings and forgings are fed down a chute into the chuck and 
machined as if produced from the solid bar; double-end machines for 
operating on both ends of a piece simultaneously ; and a number of mul- 
tiple-spindle as well as numerous single-spindle machines of full auto- 
matic, semi-automatic and hand types. 
197 
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Among important machines for the automatic or semi-automatic pro- 
duction of parts from castings and forgings, or from, bar stock up 
to large diameters, are the Potter & Johnson; the Gridley type 
of automatic as made for piston rings and similar work ; the New 
Britain Machine Company's automatic with multiple-spindle construc- 
tion for a wide variety of work either east or forged, or to be finished 
from parts already operated on at one end in a bar stock machine. 



• 


JBE"I 




M. A'.,l 





Fig. 7S. — Some of the work done on the Potter & Johnston machine. 



The "manufacturing automatics" or Potter & Johnston, Pawtucket, 
R. I., arc of the type represented in Fig. 77, the capacity being such 
that work such as fly wheels, for example, tip to 40 inches diameter may 
be handled in the chuck. "With the work secured in the chuck, all oper- 
ations with the turret and cross-slide tools arc carried on automatically 
until the piece is finished. A typical group of parts as machined on this 
type of automatic tool is shown in Fig. 78. 



CHAPTER VIII 

POINTS IN SETTING UP AND OPERATING AUTOMATIC SCREW 

MACHINES 

In the following pages a few general suggestions are given which 
may be of interest to operators before considering in detail the different 
types of tools, determination of speeds, feeds, etc., treated fully in 
Chaps. IX and XVI. 

It should be borne in mind that the automatic screw machine neces- 
sarily has more complicated mechanism than a hand-operated machine, 
as many movements must be performed automatically, which in the hand 
type of machines are accomplished by the operator. The automatic 
machines must, therefore, have the more careful attention in setting up 
for turning out work. When, however, the machines are properly ad- 
justed, very little attention over that required on a hand machine is 
needed, although the use of dull tools must be particularly guarded 
against. The machines must be carefully erected and leveled up so as 
to avoid poor alignment between head spindle and turret, etc. 

OPERATOR'S DUTIES 

Ordinarily a workman will readily attend to six machines and on 
very simple straightforward work may economically look out for more, 
He should become thoroughly familiar with the machine operations and 
adjustments before putting in tools or starting up, and it is generally 
well first to operate the machine by hand before putting on power. 

Assuming that a new piece of work is to be produced on an auto- 
matic screw machine, it is well to consider first the various ways in which 
the work may be machined, and to give due consideration to the tool 
equipment available and to the quantity of pieces to be made, and then 
decide upon a satisfactory method. 

TOOLS AND COLLETS 

The making of special tools and the changing of the camming of 
the machine (if any) must then be attended to. All tools and holders 
must be made accurately to give correct results, and in addition it is 
always advisable to cheek the first few pieces produced, by gages or 
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otherwise, to see that the pieces are of the correct dimensions. The 
eollet should grasp the rod the entire length of the bearing surface, and 
have a tendency to bite harder on the front end than at the rear. This 
affords rigidity to the work when a cross-forming operation is being per- 
formed. The front end of the collet should likewise have a good bear- 
ing in its seat. The collet when closed must firmly grip the rod so as 
to prevent any slipping under the action of the cutting tools. 

HANDLING MATERIAL 

The feeding chuck must have sufficient grip to feed the rod accurately 
without undue marring of the material upon its return stroke. It is 
generally considered well to straighten the bars of stock if they are 
bent, and also to gage them for diameter and to stack them into sepa- 
rate bundles if there is an appreciable variation which would cause dif- 
ficulty when machining, and afterwards to make adjustment of the col- 
lets, etc., to suit the various sizes as worked up. 

"Where different qualities of steel are being used, extreme care must 
be taken to prevent mixing in a hard tool steel bar with the soft steel 
stock from which the work is supposed to be made; as the speed of the 
spindle and the feed may be such as to ruin expensive tools, 

TOOL AND OTHER ADJUSTMENTS 

It is, of course, obvious that the lubricating pump should be known 
to be properly working and all cutting tools properly set with regard to 
the work and their cutting edges properly ground in order to get good 
results. 

The head spindle bearings must be adjusted so as to permit running 
of the spindle at satisfactory speed without unreasonable freedom — else 
trouble will arise from this source. The cross slide, turret and turret- 
slide bearings must also be carefully adjusted and kept in good condition. 

The selection of the proper spindle speeds for various jobs, as well 
as the determining of satisfactory feeds, should be considered carefully. 
In the next chapter are tables which should be helpful in this connection. 

PRODUCTION 

The rate of production is dependent not only on the rate of feed and 
spindle speed, but also on the tool equipment. The production of 
threaded work especially is facilitated by employing tools so designed aa 
to take advantage of two speeds and to cut when the spindle is reversed, 

The camming should be such as to permit the performing of several 
operations simultaneously, such as drilling from the turret and forming 
from the cross slid' 1 . 
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MANIPULATION OF TOOLS 



When changing the tool equipment from one piece to another the seat 

in the head spindle for the collet must be thoroughly cleaned as well as 
the collet, so as to avoid eccentricity in the operation of the rod due to 
foreign matter, when the stock is grasped by the collet. 

It is well before dismantling tools to make a model on the automatic 
screw machine for convenience in setting up in the future. This model 
should be complete in all respects, but should not be fully cut off to its 
usual length. It should be left intact, with sufficient length of the bar 
to permit grasping by the collet, allowing the model to be the proper 
working distance from the end of the spindle. The illustration in Fig. 79 
shows two models with the piece of stock by which they are held when 
setting up for the production of similar work. 
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' models for the screw machine. 

BELTS, OILING, ETC. 

It is recommended that belts without rivets be used for the spindle 
drive as they run smoothly at high speed. Laced wire also makes a 
smoother running belt than where leather lacing or hooks are used for 
coupling the ends together. On machines where the belts are shifted 
to change a spindle speed or the direction of rotation, double belts will 
be found superior to single belts as the former being of stiffer cross 
section may he more quickly moved and the results desired more quickly 
obtained. 

The workmen in charge of machines should be instructed to lubricate 
all bearings frequently with good machinery oil and should be thor- 
oughly familiar with the location of each hole and its function. Too 
much attention cannot be given to this if satisfactory continuous service 
is to be expected from an automatic screw machine. 

The chapters that follow in this section describe in detail various 
classes of tools for screw machines and illustrate methods of making and 
using them. It is hoped that the information contained therein, with 
the chapters on camming and illustrations of tools in Chaps. II to V, may 
be of special interest and service to toolmakers, draftsmen and operators. 



CHAPTER IX 
SPEEDS AND FEEDS FOB SCREW MACHEsTE WORK 

The ordinary class of screw machine tools, suitable speeds and feeds 
for which have to be determined when camming automatics, includes the 
various turning tools such as box tools (adjustable and non-adjustable), 
hollow mills, drills, reamers, count erborcs, taps and dies, forming and 
cutting-off tools. The accompanying tables of speed and feeds for dif- 
ferent types of tools used on materials commonly worked in the auto- 
matic have been compiled from data accumulated and thoroughly tested 
during extended experience in this class of work and have proved of value 
in the screw machine department, not only in connection with the 
handling of automatics, but also, to a considerable extent, on hand 
machines, although, naturally, the matter of feeds on the latter class of 
apparatus is largely regulated by the personal equation ; the question of 
spindle speeds, however, is quite as important and as readily settled for 
hand machines as for automatics. 

It is, of course, impossible, where a series of tools is used on an auto- 
matic machine providing say two rates of speed for the spindle for any 
given job, to select speeds theoretically correct for each and every tool 
carried by the turret and cross slide. A compromise is necessary and 
therefore speeds are selected which will fall within the range suitable 
for the different tools ; in determining these surface speeds and the rates 
at which to drive the spindle to approximate closely the desired surface 
velocities, the tables should he found of service. 

SPEEDS AND FEEDS FOR TURNING 
Tables 15 and 16 cover turning speeds and feeds for bright-drawn 
stock (screw stock) and brass, with various depths of chip (that is, stock 
removed on a side) from Vsa ' nen up to % inch. These speeds and feeds 
and depths of cut arc figured more especially for such tools as roughing 
boxes where the cut, though frequently heavy, is taken by a single cut- 
ting edge, the work being well supported behind the cutter during the 
operation. Table 17 covers the same range of steel work as Table 15, but 
is laid out for hollow-mill operations ; it will be noticed that, the cut being 
divided with this tool among three or more cutting edges, coarser rates 
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CUTTING SPEEDS AND FEEDS FOR SCREW STOCK. 
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CUTTING SPEEDS AND FEEDS FOR BRASS 
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SPEEDS AND FEEDS FOR HOLLOW MDLLS. SCREW STOCK. 
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Table 17.— Speeds and Feeds for Screw Machine Work. 
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of feed are provided for than with the box tool. With both classes of 
tools the feeds are, of course, increased as the diameter of the stock 
increases, the peripheral speeds being reduced as the feeds grow coarser 
and the chip greater in depth. 

The speeds and feeds for finishing box tools as used on different 
materials are given in Table 18, the last column indicating the amount 
of stock which, generally speaking, it is advisable to remove in order to 
produce a good surface. 
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FORMING-TOOL SPEEDS AND FEEDS 
Speeds and feeds for forming tools arc given in Table 19, the widths 
covered here ranging from 1 / 10 inch to 2 inches, and the smallest diam- 
eter of form from l\'- 2 inches down to '/ 10 inch. It will be seen that the 
tool about % i ne h wide is adapted to take the coarsest feed, tools from 
this width up to 3 / ia (such as arc commonly employed for cutting-off 
purposes) admitting of heavier crowding, as a rule, than either the nar- 
rower or wider tools. Thus we see the rate of feed drop off as a tool 
narrows to Via inch, which obviously is too thin a cutting device to 
admit of taking much of a chip, while similarly as the width of form 
and chip increases above about Via or V-i i ncn the rate of feed must again 
be diminished to give the best results. Naturally, other things being 
equal, the greater the diameter of the section formed, the coarser the 
feed which can be taken economically. This is also indicated by the 
figures in the table. 
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DRILLING AND REAMING DATA 



Drilling speeds and feeds are given in Table 20. "While these speeds 
are based on much higher peripheral velocities than drillmakcrs as a rule 
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recommend for general purposes, it should be remembered that condi- 
tions for drilling in the automatic on the usual run of work are nearly 
ideal so far as lubrication of drill and work, steadiness of feed, etc., are 
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concerned, and it is possible under these conditions where the holes 
drilled as a rule are comparatively shallow and the drill has ample 
opportunity for cooling during the operations carried on by the other 
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Table 22. — Speeds and Feeds for Screw Machine Wokk — High Speed Dies. 



tools, to maintain speeds that would be considered too high to be at- 
tempted in general shop practice. 

Table 21 is made up of speed and feed data for reamers. In this table 
the feed for different classes of material has been considered as constant 
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for any given diameter of reamer, although it is conceivable that with 
certain materials, especially on brass alloys, etc., the feed per revolution 
might be increased somewhat, to advantage, over the rates given. These 
feeds have been tabulated, however, as representing highly satisfactory 
practice in reaming the materials listed. 

THREADING, COUHTERBORING, ETC. 

Table 22 explains itself and, while giving speeds for threading work 
with dies, should be of equal value in establishing speeds for tapping. 
It should be noted that the speeds in this table are proper for high speed 
dies. For carbon sled dies Ihe speeds used should be from 50 to 75 per 
cent of the rates given. 

For feeds for conntorbores from % inch to 2 inches diameter, Tables 
15 and 16 for turning may be followed where the counterbores cut to a 
depth from one-half to three-quarters their diameter. Where cutting 
deeper than about one diameter, the feeds would be decreased; in such 
depths it is well to withdraw the counterbore during the cutting opera- 
tion to free it from chips. 

It is not expected that the speeds and feeds laid down in these tables 
will coincide exactly with the ideas of everybody engaged in screw ma- 
chine operations. Conditions as to materials, lubricants, clearances of 
cutting edges, quality of tools, etc., all have an important hearing upon 
the question of efficient cutting speeds and feeds. It is believed, however, 
that the foregoing information should be of service to a good many 
readers, representing as it does the practice commonly followed by one 
of the largest tool shops with its carbon-steel screw machine tools. 



CHAPTER X 
SPRING COLLETS AND FEED CHUCKS 

Spring collets and feed chucks, or feed fingers as they are frequently 
called, are the first tools to be considered in connection with screw ma- 
chine work, as upon these appliances devolve the operations of feeding 
the bar of material through the spindle and the holding of it while the 
different machining cuts are taken by the various cross-slide and turret 
tools. 

When manufactured in large quantities the collet blanks are pro- 
duced in the turret machine by the aid of forming tools for machining 
the exterior surface and by suitable internal tools of the drill and reamer 
order for finishing the interior to the required dimensions. In making a 
few collets at a time, however, as is generally the practice in the smaller 
shops, a few simple appliances suffice for the satisfactory handling of 
the work during the different operations. 

LATHE OPERATIONS 

The collet blank may first be roughed out in the lathe and the inside 
chucked out and reamed taper from the rear end to leave the walls of 
the collet body of suitable proportions and to allow the collet to be 
slipped onto a taper arbor, the rear end of which is fitted to the taper 
hole in the lathe spindle. While mounted on this arbor the outer end 
of the collet is centered and center reamed to allow it to be supported 
by the tail center, and the body may then be turned and bored to correct 
shape and size without removing from the arbor. It is sometimes advan- 
tageous to rough out two collets on the same piece of stock and then cut 
apart and mount on the taper plug arbor for finishing separately. This 
method gives a longer and handier piece of material to work in the lathe. 

The work is readily removed from the taper arbor on which it is 
turned, by means of a nut on a threaded portion of the arbor body 
adjacent to the taper section. Before taking the chuck blank off from 
its arbor the conical nose should he gaged carefully to make sure that it 
will fit properly in its seat in the screw machine spindle. The hole, bored 
in the front end for the bar material, should be true and straight— 
especially if grinding is not to be resorted to after hardening. Of course 
211 
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where absolute truth is essential in the running of the collet it is im- 
portant that the hole be ground after hardening with the collet seated 
in a grinder fixture in precisely the same way as it will later be operated 
in the screw machine. 

HOLDING WHILE SLITTING 

The taper arbor referred to is of the general form indicated in Fig. 
80, which shows the method also of carrying the work between the divid- 
ing head and tail center in the milling machine, while the slots are being 
cut to allow the collet to open and close on the material when in service. 
There are numerous methods of mounting collets for this slitting opera- 
tion, but the one indicated is as simple as any and entirely satisfactory 
where collets are put through in small lots and more elaborate fixtures 
are therefore uncalled for. If a small piece of flat stock is centered as 
shown and introduced between the end of the work and the foot center 
of the dividing head, and the center itself flatted on top, sufficient clear- 
ance will he obtained for the slitting saw which is run into the work 
from the front end. 

COLLET INTERIOR 

It is well to shape the interior of the collet about as illustrated in 
Fig. 81, the long curve or fillet b at the front end of the chamber where 
it joins the cylindrical hole, forming in conjunction with the fillet at a 
a strong section not likely to break away in the operation of the collet. 
The internal sloping surface at b also facilitates the passing of a fresh 
bar of stock into the collet upon the finishing up of the previous length 
of material. 

PREPARING FOR HARDENING 

Before hardening collets it is common practice to open them some- 
what to insure their having a given tension after hardening and temper- 
ing so that they will open and release the stock the instant they are 
themselves freed by the cam-operated chucking mechanism. This open- 
ing of the collet must be carefully attended to or an eccentric and un- 
satisfactory job will be the result. Sometimes a simple fixture having 
a cone-pointed spindle is used for this purpose, the collet or chuck being 
held centrally while the cone plunger is forced between the chuck jaws 
sufficiently to open them evenly the necessary amount. However, no 
matter how much care is taken in this operation, the effect is lost unless 
the hardening is properly attended to, and the only sure way of pro- 
ducing a perfectly true collet with certainty is to grind it as a final 
Operation. 
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PREVENTING DISTORTION 

Some toolmakers take the precaution of leaving a thin fin of metal at 
the front end of the collet in each saw slot, as in Fig. 82, in order that 
when hardened there shall be no chance of distortion due to unequal 
springing of the prongs or jaws. This metal tie or bridge at the ends 
of the jaws is readily removed by grinding out with a thin slitting wheel 
or lap. Still another scheme is illustrated in Fig. 83, which comprises 
in addition to the thin wall of metal at the front ends of the saw slots, 
a narrow ring or nose adapted to be carried on a grinder center while 
the collet is ground externally. Thus inequalities introduced in the 
hardening process may be rectified by grinding and afterward the su- 
perfluous metal at the end of the collet nose may be ground off, leaving 
the appliance ready for service. 

Another method of preventing trouble in hardening collets is to 
insert a piece of sheet metal (say 1 / 3S inch thicker than the slot width) 
in the front ends of the slots and then wire the nose of the chuck tightly 
so as to retain the steel pieces during the hardening operation. The 
collet must be heated uniformly, and dipped so as to insure all three 
prongs being cooled simultaneously, otherwise they will be of different 
lengths and twisted, resulting in an untrue collet. With the best of care, 
a collet that is hardened, but not ground afterward, will generally re- 
quire touching up on the conical portion of one or two of the prongs 
to insure its running true. It is not a difficult undertaking, however, to 
make a chuck run true within 0.002 inch by polishing one or two prongs. 

In order that the collet may close parallel, it must be fairly long, and 
the exterior of each prong, or jaw, may be relieved by filing, as in Fig. 84, 
so as to insure its bearing along the center. After hardening, the collet 
should be carefully tempered at the ends of the slots to prevent breaking 
at this point. 

FEED CHUCKS 
The feed chucks or feed fingers need no such refinements in their 
production. They are usually closed after slitting on opposite sides, and 
thus after hardening they will maintain a constant grip upon the stock 
sufficient to feed the bar forward the moment it is released by the chuck. 
The idea is indicated in Fig. 85, which represents a typical feed chuck. 
Ordinarily the hole for the stock should be bored out a little over size, 
otherwise the corners of the feed chuck jaws when drawn back over the 
stock will mar the surface. 
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A GRINDING FIXTURE FOR CHUCKS 

A handy grinding appliance for spring collets is shown in Fig. 86, 
this sketch being made from a device in use at the E. Howard Watch 
factory, Waltham, Mass. This particular tool is adapted to receive an 
automatic screw machine collet after it is hardened, and hold it during 
the grinding operation in precisely the same manner in which it will later 
be held in the screw machine when in operation. The quill in which the 
spindle is carried is slipped into a regular quill rest on the bench lathe 
or grinder, and the collet to be ground out is readily inserted and as 
easily removed when the grinding or lapping operation is completed. 

All parts of this fixture, including quill, spindle, rear bearing, cone, 
cap, and adjusting nut, are of steel, hardened, ground and lapped. 



CHAPTER XI 

BOX TOOLS AND OTHER EXTERNAL CUTTING APPLIANCES 

The accompanying engravings, Pigs. 87 to 106, illustrate a variety 
of so termed box tools and hollow mills which are used in automatic 
screw machines, and in much the same form in hand machines also. It 
is the purpose of this chapter to point out some of the reasons for dif- 
ferent designs and to show for what particular cases each type of tool 
illustrated is best adapted. 

GENERAL PRINCIPLES 

Practically all box tools consist primarily of a frame or body which 
is clamped to the turret of the screw machine. The box-tool frame is 




utilized for holding the cutting tools and, usually, a work-supporting 
device commonly known as a back rest. In the frame there is also in 
some instances provision made for holding internal cutting tools such as 
drills, counter bores, etc.; it this latter case outside turning and boring 
may be accomplished simultaneously. The cutting tools are usually 
adjustable so as to be suitable for turning various diameters; the back 
rests or work-supporting devices are made both adjustable and solid or 
non-adjustable. Both cutting tools and baek rests are preferably mounted 
in sub-holders permitting of longitudinal adjustment. The most com- 
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mon turning tools in use are for cylindrical work, but taper work can 
also be successfully produced by box tools designed for the purpose. 

CONDITIONS OF SERVICE 

The type of box tool in general, as well as such features as the work- 
supporting device and the manner in which the cutting-tool edge is 
presented to the work, are dependent upon various conditions, among 
which may be mentioned: 

1. Length of work being turned ; 

2. Uniformity of diameter of stock used (bright drawn or rough 
stock) ] 

3. Cross-section of stock (circular or otherwise) ; 

4. Character of material; 

5. Reduction in diameter to be made; 

6. Character of longitudinal cut (cylindrical, taper, or other). 




Fio. 88.— Adjustable finishing box tool. 

Before explaining the reasons why the foregoing conditions should 
influence the design of tool, it may be well to understand precisely by 
name the various parts which are frequently referred to later on. To 
this end a few of the different types of box tools and component parts, 
as shown by Figs. 87 to 94, will first be briefly described. 

TYPES OF BOX TOOLS 
Figs. 87 and 88 illustrate a box tool with movable blocks holding 
the cutters and with a back rest of the non-adjustable open type. The 
cutting edge of the tool is practically radial, but longitudinally the cutter 
lies tangent to the circle representing the work. This tool is commonly 
called a roughing box and is recommended for heavy cuts as there is less 
danger of springing, due to the strain on the tool in cutting, than in the 
ease of the radial tool in Figs. 89 and 90. The latter tool has movable 
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blocks holding the cutters, and movable blocks carrying the back-rest 
jaws. Both cutters and back-rest jaws may be adjusted to suit different 
diameters of work. The cutting edge of the cutter is radial to the work 
and is parallel with the longitudinal section of the cutter. The tool is 
used mostly for brass and similar material and for light cuts on steel, 
and is in this general form commonly known as a finishing box. On very 
free-cutting materials such as brass, the edge of the cutting tool is gen- 
erally presented to the work without any rake, as shown in Fig. 90. In 
cutting the harder materials, steel, etc., and especially in taking roughing 
cuts on such material, rake is desirable ; hence the tool of the roughing 
box is presented to the work in the manner shown by Fig. 88. 

The tangent cutter used in the box tool shown in this view and in 
Fig. 87 is sharpened by grinding on the end, and compensation for the 
grinding away of the metal is made by adjusting the cutter forward, 
whereas in the radial type of cutter in Figs. 89 and 90, frequent sharp- 
ening cannot be done without resulting in lowering the cutting edge of 
the tool below the center of the work, unless a substantial part of the 
tool be sacrificed. The radial tool, however, is easily ground accurately 
on face a, which is the particular edge governing the finish; while the 
corresponding face on the tangent type of tool is rather difficult to grind 
so as to produce as smooth work. 

OTHER FORMS OF BOX TOOLS 

Fig. 91 outlines the general scheme of a box tool with tangent cutter 
having means of radial adjustment for various diameters, the back rests 
being adjustable also, as indicated. 




Fio. 92.— Bushing box tool. 



In Fig. 92 we have a box tool with a hack rest of the bushing type 
which fully envelops the work. A bushing like that shown in Fig. 93 
is frequently used in the bushing type of box tool. The bushing is 
tapered externally and drawn into a conical hole, and is thus suitable for 
slight variations in stock sizes. Fig. 94 shows another "solid" rest, 
but without a bushing. The question of chip room frequently makes it 
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aeeessary to abandon the bushing and bore the hole for the stock directly 
in the back rest. Quite often the back rest is cut away to allow the tools 
to operate on a second shoulder cut ; then the bushing as ordinarily made 
interferes. As a rule, it is preferable to use the bushing where possible, 
owing to the ease with which it may be replaced when worn out of shape, 
and also because of the facility with which any changes due to hardening 
may be corrected. 

Other types of work-supporting devices, such as internal stem rests, 
etc., are very commonly used. Fig. 95 illustrates such a combination. 
Frequently, too, revolving stem rests are used in place of the stationary 







DC 




type shown. Quite often a drill or counterbore is held in the shank of 
the box tool in a similar manner and acts as a support, and also, as 
before stated, enables turning and boring operations to be accomplished 
simultaneously. 

SELECTION OF BACK RESTS 

Generally speaking, work 1liat projects over one and one-half times 
its diameter from the spindle chuck cannot he turned accurately or 
rapidly without the aid of a support which will prevent the work spring- 
ing away from its proper radial relation to the edge of the cutting tool. 

Usually on work which does not project over five diameters from the 
chuck, the back rest is located so as to support the work by the diameter 
produced by the first cutting tool in the box tool, the back rest being 
set from about l / M inch to 1 /„ a inch back of the cutting tool, as in Figs. 
88 and 90. While any of the types of back rests shown in Figs. 87 to 94 
may be used, on work of the length mentioned an enveloping back rest 
is not required. The type of back rest used in the tool in Figs. 89 and 90 
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is adjustable for wear and preferable on this account. The non-adjust- 
able open back-rests, Figs. 87 and 88, is recommended only when the 
design of the tool makes it difficult to utilize an adjustable type. All 
back rests should he of tool steel. They should be very hard and smooth ; 
otherwise when used on fast-running material such as brass, a welding 
action takes place. They should be ground and lapped on the bearing 
face so as to bear more strongly on the forward end of the work than at 
the rear. The clearance need not he more than 0.003 or 0.004 inch to 
the foot. Should the back rest be bell mouth, the work turned will be 
rough and covered with ridges. 

TOOL POSITION, LUBRICATION, ETC. 

Also it is quite important, where using such rests, that the work be 
not turned too large if roughing up of the surface is to be avoided. About 
0.0005 inch freedom should be allowed for work up to 14-inch diameter, 
and about 0.001 inch freedom for 1-inch diameter. Proper lubrication 
of the bearing is also essential in preventing roughing up of the work. 
Lack of alignment of solid or half-open rests with the spindle of the 
machine may also cause the production of poor surfaces on the work, 
owing to the heavy crowding action under such conditions. 

In setting adjustable back-rest jaws it will be found conducive to 
good work to hold a bar in the head spindle, turn a true running piece of 
work from 0.0004 inch to 0.0008 inch oversize and then adjust the jaws 
so that they will bear snugly on the turned part. The closer this is to 
the spindle the better. In using solid or non-adjustable open-back rests, 
as shown by Pigs, 87, 88, 92, and 94, it is recommended that they be 
bored out while held in the turret hole of the machine that they are to 
be used in. This insures the hole being in alignment with the head 
spindle ; these conditions, as well as having the turret slide travel parallel 
with the axis of the head spindle, are necessary in order to produce 
accurate work. 

Burnishing of stock generally results from the pressure of the cutting 
tool forcing the work against a closely adjusted, smooth hack rest, and is 
usually considered an evidence of proper adjustment. Frequently, how- 
ever, this is found not to be the case. 

LONG AND SHORT WORK 

On very long work, when bright-drawn cylindrical stock of uniform 
diameter is being turned, the solid back rest is found very satisfactory. 
The rest is in this event set ahead of the cutting tool and fully envelop- 
ing the work. It obviously prevents any tendency for the work to spring 
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away. When heavy stock which does not run true is to he machined, 
it is necessary before turning partly to cut off, as shown by Fig. 96, thus 
permitting the back rest to pull the bar into central position. In case 
there are short bends in the bar, trouble will be met, so that for long 
work machined in this manner it is necessary to select straight bars. It 
is also important where a hack rest is used ahead of the cutting tool 
(that is, where the unmachined bar rotates directly in the back rest) to 
select practically uniform diameters of stock, not varying in size over 
0.0004 inch to 0.0008 inch. In many large screw factories all bright- 
drawn stock is carefully gaged as soon as received and sorted out in this 
manner; in setting up the machine a hack rest is selected to suit a par- 
ticular bundle of gaged stock. 

IRREGULARITY OF STOCK SECTION 
Where bright-drawn stock is used which is slightly out of round, as 
is very frequently the case, the use of a full enveloping back rest pre- 
ceding the cutting tool will be found superior to the jaw type, giving a 
two-point bearing. In the former case the pressure of the tool cannot 
force the work away and the turned part will be cylindrical; whereas 
with the jaw type of back rest the pressure of the cut will keep the 
irregular contour of the bar against a jaw and consequently reproduce 
a similar cross-section to the turned part. This emphazises the value of 
using back-rest jaws so as to follow the cutting tool ; but as before noted, 
their use is limited to short work and work of medium length. In such 
work, if the back-rest jaws are properly set and the turret slide travels 
parallel with the axis of the head spindle, true work will result irrespect- 
ive of the collet or turret bole being out of line with the spindle. 

CAST-IRON WORK 

In machining cast iron, as on the magazine automatic, box tools with 
the ordinary types of rests are not satisfactory, owing to the fact that 
the cast-iron dust is apt to become ground between the rest jaws and the 
turned part of the work, thus causing the latter to become roughed up. 
The use of water, however (with just enough oil to prevent rusting), or 
any thin solution under pump pressure, effectually overcomes this 
trouble ; oil seems to increase the difficulty. 

A box tool with roller back rests, which is excellent on east-iron work 
when used in conjunction with an air blast to keep dust from accumu- 
lating between the rollers and work surface, is shown in Fig. 97. This 
box tool is sometimes used on the Pratt & Whitney magazine machine, 
may be stiffly supported at the bottom by a hardened-steel plate carried 



on a bracket attached to the front end of the turret slide and traveling 
with the slide. Another satisfactory way of turning cast iron is by means 
of hollow mills. 

HOLLOW MILLS 
Hollow mills are also very suitable for turning long work from bar 
stock. These tools with multiple teeth support the work centrally, cut 




Fie. 98. — Hollow mills and clamp collar. 

very rapidly, and if held concentric with the head spindle and properly 
cleared will produce excellent results. 

Fig. 98 illustrates a form of hollow mill. The clamp collar shown 
in the group is commonly used for slightly adjusting the teeth to cut to 
correct diameter. Another good form of clamp ring is shown in Fig. 99. 
This is made with sufficient metal at one side to admit of clamping 
screw, while the opposite side of the ring is weak enough to allow it to 
close properly upon the mill when adjusted by the screw. 
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The teeth of hollow mills should be radial or ahead of the center. 
With the cutting edge ahead of the center, as in Pig. 100, the chips as 
produced are caused to move outward away from the work and prevented 
from disfiguring it. With the cutting edge below the center, rough turn- 
ing will result. With the cutting edge greatly above the center, chatter- 
ing is produced. About one-tenth of the cutting diameter is found a 
good average amount to cut the teeth ahead of the center. When the 
chips produced from any turning or boring cut curl nicely, it is indica- 
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Fio. 100 
1 hollow-mill 



tive of a free cutting action ; but these chips are very troublesome on the 
automatic screw machine. In making hollow mills for the automatic, 
part or all of the rake to the cutting edge is generally sacrificed. 

HOLLOW-MILL PROPORTIONS 

The table under the hollow-mill sketch in Fig. 100 gives proportions 
of mills from '/,„ to % diameter, showing the amount to cut the teeth 
ahead of the center, the amount of taper in the hole, etc. 

Besides the type of mill shown made in one piece, hollow mills are 
often used with inserted blades of high-speed steel. These tools are 
especially useful on the larger sizes of work. 



TAPER-TURNING TOOL 

So far we have discussed conditions where cuts are cylindrical and 
where box tools with stationary cutting tools and back rests are suitable. 
On taper work the cutting tool must move radially: the back rest, unless 
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it precedes the cut, must be so constructed as to adjust itself to the 

increase or decrease in diameter. 

Fig. 101 illustrates a type of box tool for taper work which is suitable 
when uniform bright-drawn stock is used. The back rest consists of a 
stationary bushing fully enveloping the bar. The hole should be about 
0.0005 oversize and nicely lapped. The cutting tool is held in a trans- 
verse sliding member, the cross movement to the slide being controlled 
by a taper bar mounted on the cross slide of the screw machine. The 




Fie. 101. — Taper-turning box tool. 

taper bar is sometimes made in two pieces which may be adjusted in such 
a manner as to permit varying angles of tapers to be produced. This 
tool allows only one cut to be taken over the work unless the support 
from the back rest is dispensed with. 



SOME POINTS IN BACK-REST CONSTRUCTION 
Having now illustrated various types of box tools and their rests, 
hollow mills, etc., a few words relative to the actual making of certain 
box-tool parts may be of interest. 

In making back rests of the quarter-bearing type, as shown by Pigs. 
87 and 88, the usual custom is first to bore out the solid block from 
0.0005 to 0.001 inch over the size that is to be turned, and plane away 
the portion indicated at A, Fig. 102. The hole should be very smooth 
and cylindrical. Low-earbon tool steel is very good for the purpose, 
providing the work is pack hardened ; otherwise it is preferable to use 
high-carbon steel and harden in an open fire. 

After the back rest has been hardened and assembled in the box-tool 
frame, the bearing may be slightly lapped with emery by holding a cylin- 
drical piece of brass of correct diameter in the screw machine chuck. 



226 SCREW MACHINE TOOLS 

The turret slide being moved back and forth will very quickly cause 
the lap to correct any slight crookedness due to the hardening. 

When an exceptionally nice job is required, the back rest may be 
hardened after cutting in, as at B, Fig. 102; afterward, by using a 
slitting emery wheel the corner may be removed entirely, leaving a little 
over the quarter bearing. 

It is found good practice to give back rests a width equal to one or 




Fig. 102.— Cutting out 



one and one-half times the diameter of the work they are used on. It 
often happens, of course, that the positions of the cutting tools necessi- 
tate the employment of two rests in one box tool. 

BOX-TOOL CUTTERS 

It may be stated that present-day practice favors the use of high- 
carbon steel for the radial type of tools and high-speed steel for tangent 
cutters on heavy roughing cuts. 

Sections recommended for box-tool cutters arc as follows: For box 
tools used for stock diameters up to %„ inch, */,„ inch square; up to 
% inch diameter, 7 / 3L , inch square; up to y.> inch diameter, y± inch 
square; up to % uich diameter, 5 /i# inch square; up to 1 inch diameter, 
% inch square; up to iy 2 inches diameter, y> inch square. 

THE " TANGENT " CUTTER 

While the box tool shown in Figs. 87 and 88 has been called the 
tangent tool, actually the cutter should not be exactly tangent to the 
diameter to be turned, as it is then impossible to adjust this type of 
cutting tool so as to cut under size, although by withdrawing the tool 
oversize work can be turned. In order to be able to compensate for 
slight errors and to insure that work may be turned to fit the non- 
adjustable back rest, it is the practice to plane the cutter block so that 
the cutting edge of the tool is about 0.002 inch to 0.003 inch below a 
line tangent to the diameter actually to be turned, as at C, Fig. 103. 
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The effect of in-and-out adjustment of the cutter is clearly shown 
by Fig. 104. 

AN OPERATING SUGGESTION 

In order to facilitate the "starting on" of the box tool, it is well to 

have the end of the work beveled, as in Fig. 105. The forming tool in 

finishing the head of the work simultaneously bevels a portion of the 

bar at E 1 which, when a new piece of work is being produced, becomes 
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E". The first cut of the box tool is thus made light and does not become 
heavy until after the support of the back rest has been secured. 

Fig. 106 illustrates an end-pointing tool used on the type of box 
tool just referred to. The form is planed in the end of the cutter as 
indicated, thus permitting frequent grinding without altering the form. 
Sometimes for pointing work a special pointing-box tool is employed, 
carrying merely a back rest and a pointing cutter ; frequently a regular 
roughing-box tool is utilized and the pointing cutter is held in the hollow 
shank and prevented from moving by a set screw. 



CHAPTER XII 

DRILLS, COUNTERBORES AND OTHER INTERNAL CUTTING 
TOOLS 

The design of internal cutting tools is largely governed by the char- 
acter of the material to be cut, the depth of hole, and, in tools for finish- 
ing, the amount of material left by the roughing tool for removal. 

As with external cutting tools the clearance and rake of the cutting 
edges, the number of cutting edges, and the means of avoiding accumu- 
lation of chips must be considered in connection with the nature of the 
material to be cut. 

STARTING DRILLS 

It is generally advisable before attempting to drill a long hole to use 
what is termed a starting drill, which tool is usually either of the flat 
type, as shown in Fig. 107, or somewhat similar to a twist drill, only 
having short flutes like Fig. 108. The point should be quite thin and 
the lip angles more acute than the drill that is to follow, as in this event 
the outer diameter of the drill is permitted to cut before its blunt non- 
cutting center web comes in contact with the work. Fig. 109 illustrates 
a twist drill entering a piece of work that has previously been spotted 
with a starting drill, and the twist drill will be found to run true under 
these conditions. When the blunt center web of a drill is allowed to 
come in contact with the work first, as in Fig. 110, the value of the 
starting drill is not nearly as great as under the conditions in Fig. 109. 
For starting drills under y A inch in diameter the flat starting tool, Fig. 
107, is very satisfactory, while for larger work, except brass and similar 
materials, the type illustrated by Fig. 108 is more commonly used, 

SPOTTING AND FACING TOOLS 
On long, slender work made of smooth stock close to size and which 
projects some distance from the head spindle it is generally found neces- 
sary to support the end of the work close to the point being spotted, 
and in such cases the starting or spotting drill is held in a holder which 
is also suitable for guiding the outer end of the work. Fig. Ill illus- 
trates a tool of this type. 
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In some cases combination spotting and end-facing tools like Fig. 
112 are used. This type of tool is very satisfactory on brass work, etc.. 
but on harder materials, such as steel, which is more destructive to the 
cutting edges and thus makes frequent regrinding neeessary, a tool 
holder having separate starting and facing cutters, as shown in Fig. 113. 
is preferable, as the independent adjustments allow frequent sharpening 
to be more economically accomplished. 
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TWIST AND STRAIGHT FLUTE DRILLS 
In drilling cylindrical holes standard commercial tools are preferred 
owing to the convenience of replacement when they become worn out 
or broken. Ordinary twist drills arc very satisfactory in steel and cast 
iron, although in very deep holes the chips are sometimes difficult to get 
rid of, and clogging up of tht> flutes and occasional breakage will then 
occur unless frequent withdrawing of the drill is resorted to. On brass 
and all free cutting stock the rake given to the cutting edges of twist 
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drills generally causes excessive curl to the chips and thus makes the 
automatic removal of the chips from the hole difficult. On automatic 
screw machines oftentimes a long curled chip is very objectionable as 
some machine functions may be interfered with. For these reasons, 
when twist drills are used in brass, it is good practice to reduce this rake 
by grinding in the lips at the front end, as in Fig. 114. 

A two-lip, straight -fluted drill commonly known as a "Farmer" 
drill is generally superior to the twist drill in cases where the curling 
of the chips is troublesome, and in shops where brass work predomi- 
nates, this drill is used much more commonly than the twist drill. 

SERRATED, FLUTED AND STEPPED LIPS 
The cutting edges of drills are sometimes serrated as indicated in 
Fig. 115 to produce narrower chips than would otherwise result and 
facilitate their easy removal. A similar* effect is produced by fluting 
the drill, as shown by Fig. 116. Still another method of producing 
narrow chips is to step the end of the drill. It may be of interest to 
mention that this latter scheme is very commonly used in the one-lip 
drills for drilling long holes in gun barrels, spindles, etc. Fig. 117 
will give an idea of this type of tool. When such a drill is carefully 
guided and advanced at a low rate of feed it is possible to drill a 
distance of 30 or 40 inches with not more than 0.010 inch curvature 
in the length of the hole. There is no center web to prevent free 
cutting as in the two-lip twist drill, and oil is forced under pressure 
to keep the cutting cool and conduct away chips. The use of oil in 
this manner is found very effective with all classes of internal cutting 
tools, except when operating in east iron. It makes possible the running 
of work at a high peripheral speed without excessive heat, results in 
rapid cutting and insures long life to the cutting edges of the tool. 

The center edge of all twist- and straight-flute drills should be 
thinned down at the cutting point, as the drill will then cut more freely 
and less power be required for the work. 

BACK AND LAND CLEARANCES 
Drills should have some back clearance, from 0.007 to 0.015 inch per 
foot being common practice. The land back of the cutting edge should 
be quite narrow as little land is required to support the drill and 
prevent chattering, while an excessive width increases friction and heat, 
resulting in the welding of chips to the drill along these surfaces and 
the consequent production of rough holes of varying diameter. Fig. 
118 represents the manner in which drills and eounterbores should be 
cleared on their peripheries. 
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The milling cutters used to flute twist and other drills should be of 
such form as to produce a straight cutting edge on the drill. If there 
is a curve to the cutting edge curved chips are produced which are 
difficult to bend or curl and such chips not only cause excessive heat, but 
severe strain on the cutting tool and frequent breakage of the latter. 

The various steps on short internal cylindrical cutting tools should 
be tapered back about 0.020 inch per foot, and the peripheral contact 
reduced to a minimum so as to give ample chip clearance and avoid 
welding of chips. 



FLAT DRILLS AND COUNTERBORES 
Fig. 119 illustrates a type of tool commonly termed a flat drill, which 
is extensively used on brass work; it is especially recommended for such 




Figs. 119-124. — Flat drills ami counterbores. 



material where there are numerous shoulders or forms to be cut out. 
The tool has a cylindrical shank which fits a turret tool holder. On large 
work it is customary to make the flat drill of rectangular stock and 
utilize a special holder, as shown in Fig. 120. 

Such tools when held in the turret, as in Fig. 121, should be placed 
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with the faces vertical so as to prevent them from cutting appreciably 
oversize if the indexing of the turret, due to wear, is not perfect. In the 
event of the turret holder after long usage being badly out of line, an 
adjustable holder should be used. A tool of this character is illustrated 
in Pig. 122. 

A one-lip drill or eounterbore with a helical cut, as represented in 
Fig. 123, is found superior in many cases as it permits of grinding the 
cutting edge without changing the form of the hole produced. 

Count erbores as well as drills should have sufficient back and 
peripheral clearance hut should not have too many cutting lips. A back 
clearance of about 0.020 inch per foot is satisfactory. For counterbores 
up to 1 ineh three flutes or cutting lips are ample; more flutes are apt 
to result in insufficient chip space. 

STEPPED COUNTERBORES 

In making stepped couterbores where chips bother, it is conducive 
to good results to provide only one cutting edge for each step and to 
have successive cutting edges arranged spirally on adjacent cutting lips. 
Fig. 124 illustrates a stepped eounterbore for roughing a hole that is 
afterward to be finished by a taper reamer. The advantage of this 
Btepped eounterbore lies in its producing a hole with a number of slight 
steps without an undesirable quantity of chips to wedge and cause 
trouble. For brass work the flutes of counterbores should generally be 
parallel with the body of the tool, while on steel the flutes should be 
cut so as to give a positive rake angle of 10 to 15 degrees; the deeper 
the hole to be counterbored the less the angle of the tool. For steel, 
and particularly in deep holes, internally lubricated counterbores are 
effective in keeping the edges cool and in forcing out chips. The various 
effects produced by counterbores with their cutting edges ahead or 
behind center, the value of proper rake and lubricants, are discussed 
in Chapter XVI on clinging of chips to screw machine tools. 

MACHINE REAMERS 

Machine reamers are generally used for finishing holes smoothly and 
to size, and consequently it is advisable not to leave too much stock 
for these tools to remove. On steel work from % to 1 inch in diameter, 
from 0.004 to 0.008 ineh is generally satisfactory, while in brass from 
0.006 to 0.012 is a suitable amount. It is well to have the teeth of all 
reamers unevenly spaced, as there is then less liability of chattering 
than where even spacing is adopted. 

Cylindrical reamers should cut only on the front end in entering 
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hole ; they cut back of the front end, on the lips, only when the material 
being reamed alternately expands and contracts through undue pressure 
or variation in temperature produced by the cutting action. This latter 
is particularly noticeable in brass tubing. Most cylindrical reaming 
tools like Fig. 125 are cleared the entire length of their cutting lips 
as well as having a back taper of about .004 inch per foot. For reaming 
steel where it is desired to produce an accurate smooth hole the so-termed 
rose reamer, Fig. 126, is excellent. This tool can cut only on the 
front end, and must be well lubricated and not forced so as to expand 




Figs. 125-129. — Tti 



the work. It will ream holes under these conditions that are satisfactory 
to the most exacting. For this work a rose reamer is better than a 
reamer with peripheral clearance, as its weight is more satisfactorily 
supported and there is thus more certainty of a round hole being reamed. 
A rose reamer, as intimated, has no peripheral clearance on the flutes, 
but should be back-tapered about 0.004 inch per foot. 



THE CUTTING EDGES 

The cutting edges of reamers are seldom undercut and are generally 
on center, although for brass it is considered by many advisable to 
mill the cutting edge ahead of center and so secure a scraping cut. 
The flutes are generally milled parallel with the body of the reamer, 
but in many cases a spiral-fluted reamer has been the means of obviat- 
ing chattering. 

The spiral should be cut left-hand to prevent drawing in. In small 
work, particularly brass, a flat reamer like Fig. 127 gives good results. 
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It is inexpensive to make, and may be readily re-sharpened as indi- 
cated. 

Reamers or, more correctly, boring tools with three flutes and 
with only one cutting edge, as shown by Fig. 128, are found very 
useful for producing straight, deep holes. 

REAMER HOLDERS 

Usually reamers for cylindrical holes (and sometimes finish counter- 
boring tools) are carried in holders permitting of a floating action 
of the reamer. When a reamer is held rigidly in the turret hole 
there is almost a certainty of its cutting an oversize and tapering 
hole due to the impracticability of retaining the turret hole in perfect 
alignment with the work spindle. There are a variety of floating 
reamer holders used. A simple form is illustrated in Fig. 129. "With 
a reamer held in a suitable floating holder and providing the end 
of the hole that is to be reamed has been bored out so as to run true, 
and from 0.003 to 0.015 undcrsizc, there should be produced a hole 
true to size and concentric. 

NUMBER OF FLUTES IN REAMERS 

The number of flutes cut in ordinary reamers should be as indicated 
by the following table : 



Hand. 



i to ^ diameter 4 flutes 
s to $ diameter 6 flutes 
£ to li diameter 8 flutes 
1& to Iff diameter 10 flutes 
11 to 2-fj diameter 12 flutes 
2J to 2J diameter 14 flutes 
2U lo 3 diameter If> flute? 



( 'Imi'kiiiL: 



{ to ^ diameter 6 flutes 
$ to 1J diameter 8 flutes 
lfV to lft diameter 10 flutes 

1 s to 2-fe diameter 12 flutes 
21 to 2\ diameter 14 flutes 

2 A to 3 diameter 16 flutes 



TAPER REAMERS 

Taper or formed reamers should be provided with clearance the 
entire length of their cutting lips. The lips or lands instead of being 
continuous are in the case of long reamers usually serrated by means 
of a narrow left-hand spiral groove, and this breaks up the chip into 
a number of curled strips instead of producing a single wide one. 
The flutes in taper reamers are sometimes milled left-hand so as to 
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prevent pulling in, and sometimes right-hand to assist in cutting. 
On slight tapers any tendency to draw in must be obviated owing to 
the risk of breaking the tool, while on steep tapers which resist the 
feeding in of a tool an opposite effect is desired. 

In praetice, therefore, it is found satisfactory from the cutting 
point of view, to make the flutes left-hand in reamers producing holes 
tapering from to about I14 inch per foot. From iy 2 to 2% inches 
taper per foot the flutes may be straight, while on tapers greater 
than this a right-hand flute is satisfactory. This latter gives a positive 
rake to the cutting edge, and less end pressure is required to force 
the tool to the cut than with straight or left-hand flutes. 

The cost of making tools with right- or left -hand flutes is somewhat 
greater than for straight flutes, and grinding is not so readily accom- 
plished with ordinary equipment, hence straight-flute taper reamers 
nly used. 



RECESSING TOOLS 

lteccssii]"- tools constitute still another class of internal cutting 
>plianees used on screw machine work for forming grooves and 




Uecossing too]. 



chambers in pieces after they have been drilled or bored out as 
required. There arc many types of recessing appliances, and one is 
illustrated in Fig. 130. The body A has a shank fitting the turret 
hole, and carries a stud upon which is pivoted the tool holder B 
in which is inserted the cutting tool. This swinging member B is 
held normally in central position by loop spring C. In operation, 
after the tool has entered the hole in the work to the required point 
the cross slide advances, and, acting upon adjusting screw D, presses 
the holder B toward the rear and causes the tool to cut the internal 
channel in the work. If a chamber or recess of some length is to 
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be formed, the turret slide then advances and the tool takes a boring 
etrt along the side of the hole. Upon completing its work, the tool 
is relieved by the cross slide receding, and is returned to central 
position by spring (', which presses the pivoted tool holder B forward 
nntil a stop plug E contacts with stop pin F in the shank. The turret 
then withdraws the tool from the work. 



CHAPTER XIII 
SCREW MACHINE TAPS AND DIES 

Taps and dies form a very interesting topic for discussion among 
toolmakers, and as the conditions under which they are used to have 
quite a hearing on their correct design, it is the case that ideas as 
to their specific design are greatly at variance. Possibly the selection 
of the steel used and the manner in which the hardening is accom- 
plished have a more important bearing on results than in the case 
of any other class of cutting tools. This chapter is not intended to 
cover this phase of the subject, but it may be opportune to state 
that in our experience it has been found best from an economical 
standpoint to temper a tap quite a little lower than a die. Exceedingly 
hard, brittle taps are liable to frequent breakage on account of their 
relatively weak cross-section and small chip space as compared with 
a die. 

Keeping taps sharp is more economical than continually making 
new ones to replace those breaking on account of being unduly hard. 
A die, however, may be designed as to have ample metal for strength 
and much more chip room than the tap, and consequently breakage 
from this cause is not so liable to occur as with the top. Furthermore, 
re-grinding of a die is considered more difficult than re-grinding a 
tap, and therefore the die is generallly left harder than the tap. The 
speed of work while external threading operations are performed may 
be higher than for internal threading on account of the foregoing 
reasons and also because of greater facility for properly lubricating. 
Tables of speeds for dies and suggestions on lubricating are given 
in Chaps. IX and XVI. 

TYPES OF DIES AND TAPS 

Fig. 131 represents what is commonly known as a spring screw- 
threading die, with its clamping or size adjusting ring, and Fig. 132 
a button die. Both of these tools are used extensively in the automatic 
screw machine. On large work dies with inserted chasers, one form 
of which is shown in Fig. 133, are found very satisfactory. Various 
2:i7 
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types of opening dies arc also being successfully used on different 
classes of work. 




Pig. 131. — Spring-screw threading dies. 






Fig. 132.— Button c 




Fig. 133.— P. & W. inserted clioser die. 

Taps arc generally made solid, although there is doubtless economy 
in the inserted blade type of tap when of largo dimensions. Collapsing 
taps are also made for some lines of work. 
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SPRING DIES 

Owing to the movable parts which may affect perfect alignment 
between the turret hole and the head spindle of turret machines, it is 
found impracticable to hold dies or taps, even if perfectly true and 
concentric, directly in a turret hole or in a rigid non-adjusting tool 
holder. Ordinary commercial spring screw-threading dies, even when 
mounted in holders permitting of side play, are apt to produce better 
results if made with three cutting edges, as in Fig. 134, than if 
provided with four or more cutting edges. With the latter, the result 
due to changes in hardening or imperfect workmanship is apt to be 
that only two diametrically opposite teeth are simultaneously cutting, 
as shown in Fig. 135. This causes the die to vibrate and produce 
a rough thread, with chatter marks. With commercial dies having 
three cutting edges and providing that they are mounted in a free 
holder these troubles are greatly reduced. On one occasion, in the 
designing and tooling of 76 turret machines for a foreign order, about 
half of which machines were automatics, it was decided to make all 
of the spring screw-threading dies with three teeth only. The diameters 
of work to be threaded were from 3 millimeters (approximately % 
inch) to 32 millimeters (approximately l 1 ^ inches) and the threads 
per inch, with the exception of the large sizes, somewhat less in 
number than United States standard. The parts to be machined were 
of low-carbon tool steel, cold drawn machinery steel, brass, and also 
some copper. Excellent results were obtained in hardening, and only 
three dies were cracked or ruined by the fire. There was not a single 
die which gave any trouble whatsoever when setting up and testing the 
equipment. This record would have been impossible with four-tooth 
dies. 

TAPPING OUT THE DIE 

It is good practice in making spring screw dies to either hob out 
the thread with a hob tap 0.005 to 0.015 inch oversize, according to 
size, and in use to spring the prongs to proper cutting size by a 
clamping ring as shown in Fig. 131, or to tap the die out from the 
rear with a hob tap tapering from 3 / ls inch to *4 i np h P er foot, leaving 
the front end about 0.002 inch over cutting size, and in this ease 
also to use a clamping ring, Fig. 131. Both of these schemes are 
for the purpose of obtaining back clearance and are effective. 
Theoretically, the use of the taper hob is the best, and is to be 
preferred especially when work is to be cut with threads of included 
angle less than 40 degrees, as the shape of thread produced by clamp- 
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ing the prongs of the die to a size below that at which it is bobbed 
may then be effective enough to be decidedly unsatisfactory. Fig. 136 
illustrates this bad feature. 

Fig. 137 illustrates the die with the taper somewhat exaggerated, 
as made with a taper hob and the general internal form of a very 
satisfactory spring screw-threading die. 




l/? 


t 




^ 




-N 




134-141.— Sjir ing dies. 



HARDENING 
In hardening a die it frequently happens that curves to the lips 
are produced as in Fig. 138. When clamping the prongs of an over- 
sized bobbed die (with such curvature) down to size, this will still 
result in a bell month die. With a die bobbed out with a tap of 
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sufficient back taper, as in Fig. 137, the curve, if it exists, will not 
result in a bell mouth; the clearance angle being more pronounced 
than with an oversize tapped die, neutralizes the curvature. The 
internal form shown by full lines in Fig. 139 is bad, as the thickness 
of metal varies so that in hardening trouble will result. In Fig. 137, 
and as shown by dotted lines in Fig. 139, is a more satisfactory internal 
form. 

Probably the best practice in hardening is to dip the prongs into 
the lead pot not further than dotted lines W-X, Fig. 140, in which 
ease less trouble will result, and the heat will still be sufficient to cause 
the remaining portion of the prongs to be sufficiently hard when chilled, 
to prevent welding of chips, etc. 

In case the hardening effect extends back into the curve as at Y-Z, 
side-twisting of the prongs is almost a certainty, and the cutting edge 
of the die in this event will not be in contact with the work, but a 
portion back of the cutting edges will be dragging on the work which 
will cause a ragged thread and oftentimes break off the piece being 
threaded. 

In spite of care there is much risk in the length of the prongs being 
at variance after hardening, and it is conducive to good results to 
leave a tie to the prongs as shown in Fig. 141. This tie can be 
removed in two or three minutes by the use of a slitting emery wheel. 

With a three-prong die it is possible to provide lips of generous 
cross-section, giving rigidity. The undesirable friction due to too 
much thread in contact with the work is overcome by milling out as 
in Fig. 134, to suit the material being threaded. 

CUTTING EDGES 

The cutting edge of a spring screw die is generally radial for brass, 
and it is permissible for the edge to point a trifle below center, 
particularly when there is any possibility (owing to the ease of cut- 
ting) of there being a strong chip produced which may cause a 
"hogging in" action. On steel or material not free cutting, and which 
opposes the cutting action, it is desirable to have a positive rake to 
the cutting edge so as to make the cutting action easier, hence the 
cutting edge is generally above center. The amount is only limited 
by the chip curling so as to be objectionable on account of clogging, 
or by the rake being so much as to cause too free cutting, and conse- 
quently the production of a big, strong chip and the "hogging in" 
action which in this event, owing to the cutting edge being above 
center, produces very bad results. 

It should he observed that where large diameters of brass are to 
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be threaded and where the die is so rigid that no springing action 
can take plaee, the radial-cutting edge is not as desirable as where 
there is positive rake to the edge. 

Chattering, etc., on large work is generally due to weakness of 
tool or tool holder, and increased rigidity in these oftentimes makes 
possible an increase of clearance and particularly an increased positive 
rake to the cutting lip angles of all tools, with the result of better 
cutting action. 

It is desirable in spring screw dies to make the outside true with 
the axis of the thread and cutting edges, and consequently it is found 
desirable to grind the outside diameter from the thread. This is of 
particular value in connection with the outside clamping or sizing 
ring, as it assists in adjusting the several prongs of the die equally, 
as well as making it unnecessary to provide undue freedom in the 
die-holding device. 

On Jargc work, where inserted chaser dies may be utilized, it is 
evident that more than three cutting edges can be used with very 
little of the difficulty common to the spring screw die, as distortion 
due to hardening is less, and if it exists at all, it can be compensated 
for if necessary. Furthermore, the desirable side clearance to each 
chaser may be readily given to this type. Where more than three 
teeth are found desirable it is always better to have an odd than an 
even number of teeth, as the possibility of only two teeth cutting 
is then avoided. 

MAKING INSERTED CHASERS 

With inserted chaser "opening dies" it is becoming quite common 
practice to mill the threads of the chasers with a milling cutter, thus 
giving straight and ample clearance, instead of bobbing with a master 
tap, which latter gives very little clearance unless greatly oversize. 

A feature emphasized by those milling chasers, instead of hobbing, 
is that when dies or chasers are cut by a master tap there are three 
inherent errors which if accumulative may be sufficient to make it 
impossible to obtain perfect pilches. There is first the error of the 
lead screw in the lathe used in cutting the master bob; second, the 
error in the hob due to hardening; third, the error in the die or chasers 
due to hardening. If these three errors act cumulatively the result 
is that an inaccurate die is produced. By milling the chaser the first 
two errors may be eliminated, leaving only the error caused by harden- 
ing the chaser, and this last error may be kept small by hardening 
only the cutting edge, the unhardened material at the rear having 
an important effect in preventing distortion. 
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It is furthermore advanced by some' that in milling the thread of 
a chaser the metal is not compressed as it is with a tap; that with 
a tap the metal is not really cleanly cut, but is, so to speak, more 
or less pushed off as the tap has no clearance and the resulting surface 
is left in a state of strain which relieves itself when hardening, thus 
increasing the distortion both in form and in pitch. 




Pigs. 142-145.— Button dies. 



BUTTON DIES 

The shape of the round button die gives it an advantage over the 

spring screw die in hardening, and this type of die is in considerable 

favor with many on small work. It is not considered as convenient 

to re-sharpen correctly as the spring screw die, but the low original 
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cost of button dies permits them to be discarded when dull. Chips 
on coarse pitches are not so easily gotten rid of with the button die 
as with other types. It has, however, when correctly made, some 
very good features, and when fully understood and made in proper 
manner it is very satisfactory for screws 5 / 18 inch diameter and under. 
Owing to the rigidity of the button die the cutting edge of the tooth 
may always be ahead of the center for brass, as well as for steel, and 
good results follow. 

This type of die should be made substantially as in Fig. 142, and 
instead of hobbing with an oversize hob, an undersize hob is superior, 
the die being expanded to proper cutting size. The reason for this is 
that, with the cutting edge of the teeth alicad of center and providing 
an oversize hob be used, the relation of the cutting edge to the work 
would be as shown in Fig. 143, when cloning down the die which, when 
exaggerated as shown, emphasizes the bad cutting action which exists 
under normal conditions to an objectionable extent. When the die is 
expanded, as shown by Fig. 144, the clearance of the threaded portion 
of the die is in the center, where it is desirable that it should be, and 
the cutting action is excellent. When reversing the work for the 
removal of the die there is no danger of the wedging in of chips. 

This type of die, on account of the chance it affords for what would 
ordinarily be considered an excessive rake without springing, is found 
very satisfactory for cutting copper. 

In the button die, as shown in Fig. 142 and Fig. 145, it should be 
noted that the expanding wedge is a taper pin which acts as a tie and 
prevents a twist to the die which might occur from hardening if a 
wedge were used as in Fig. 143. The line o, Fig. 142, representing 
the cutting edge of the die, may be pointed on center or above, as 
desired, and then the center of hole o is located on line c so that the 
edge of the hole is tangent to the line a. 

APPLICATION OF DIE TO WORK 

Most dies are chamfered, so as to cut smoothly and to assist in 
starting on to the work, as in Fig. 145, but it sometimes is necessary 
to cut very closely to a shoulder with one die only, and in this event 
there can be but little chamfer. It will be of assistance in starting 
the die under these conditions, when work permits, to bevel the end 
of the work as indicated in Fig. 146, prior to running the die on, and 
afterward remove the bevel at a, if objectionable. 

It sometimes happens that very short threads have to be produced, 
as shown at A, Fig. 147. An effective method of producing such work 
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is to first cut a long thread and afterward face off the extra portion 
between neck B and the end of the piece. The nicking at B, previous 
to cutting the thread, is necessary to prevent a burr, which would 
otherwise be produced by the facing tool. 




INTERNAL THREADING 

Thus far this chapter lias been confined to the external threading 
of work; it should be remembered that many of the conditions are 
common to internal threading operations also. 

Taps have their cutting edges cut radially in most cases, though on 
brass it is desirable to cut below center, thus breaking up the chip 
for its more easy removal. A free eurling chip is undesirable when 
tapping, unless the stock is of such a nature that tearing of work 
will result* in case the cutting edge is not such as to produce such 
a chip. Copper is a material of this nature, and a tap made like 
Fig. 148 with a big rake to its cutting edge works out nicely. On 
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copper and similarly acting material, cutting out every other tooth, 
as is done on the Echols patent tap made by the Pratt & Whitney 
Company, is found an efficient means of producing clean threads. 
Fig. 149 illustrates this tap and also shows it entered in a piece of 
work; Fig. 150 represents an ordinary tap. 

In the former (which is always made with an odd number of 
flutes), each alternate tooth is omitted, the arrangement being so 
carried out that each of the cutting teeth is followed by a space and 




kimis of taps. 



each space by a tooth. This arrangement gives a freedom of action 
to each cutting tootli not obtainable with the ordinary form of tap. 
In tapping holes with ordinary taps in copper and similar material 
the tendency is to tear the threads, owing to the wedging action of 
the cutting teeth, and the slight resistance offered by the metal to 
the pressure of the continuous row of cutting edges. The chips are 
carried forward in a mass in front of the cutting teeth, and unless 
the tap is frequently reversed, thus breaking up the mass of chips, 
the thread will either be mutilated or the tap broken. 

It will be seen upon examination of Fig. 149 that only one side 
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of the thread that is being formed with the tap there shown is operated 
upon at once. It is thus relieved of one-half the pressure and wholly 
of the wedging action, and because of the absence of the next adjacent 
threads, a slightly lateral movement of the thread being formed is 
possible, owing to the mobility of the metal. It is probable that under 
similar conditions the removal of alternate teeth in a die would be 
of value. 

LENGTH AND NUMBER OF LANDS 

The number of teeth in regular taps and width of land should be 
regulated by the diameter and piteh of work as well as the nature 
of the material being cut. On "sticky" material both dies and taps 
should have relatively short land. On fine threads, where a drunken 
thread is to be insured against, more teeth are required than on a 
coarser piteh of the same diameter. A good average number of teeth 
on taps for United States standard threads is given in the following 
schedule. Too few teeth and too short land afford very little support 
and many cause (•haltering; too much hind in contact causes heat due 
to excessive friction and welding of chips, torn threads, etc. 



Outside Diameter 


No 


of Flutes 


Width of Land 






4 


A 


f 




i 
4 

4 
4 


A 


li 




1 





TAP RELIEF 

Taps for use in the screw machine should permit reversing of the 
work without any chance of chips wedging at this point, and conse- 
quently are not cleared the same as hand taps which go entirely 
through the work and are thus removed without reversal. 

Fig. 151 illustrates the way to relieve the top and sides of the teeth 
of screw machine taps. A tap for long cylindrical threading should 
in addition be slightly tapered toward the back so as to free itself. 
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This taper should be about 0.020 to 0.030 inch per foot, although condi- 
tions may make it desirable to. vary this somewhat. 

Where a tap is used on steep triple and quadruple threads it is 
customary to cut the flute on a spiral so as to present a square cutting 
face like Fig. 152, which is self-explanatory. 

SIZING WORK FOR THREADING 
In boring holes previously to tapping they should be somewhat 
larger than the theoretical diameter at bottom of thread, as the crowd- 
ing action of the tap will cause the metal to flow some and compensate 
for this. Where no allowance is made, frequent tap breakage is liable 
to occur and torn threads in the work also. On external work it is 
for the same reasons advisable to turn the work undersize; the follow- 
ing table gives good average allowances for both internal and external 
work: 



Threads per Inch 


External Work. 
Turn Undersize. 


Internal Work, 

Increase over Theoreitcal 

Bottom of Thread 


28 


0.002 


0.004 


24 


0.002 


0.0045 


22 


0.0025 


0.005 


20 


0.0025 


0055 


16 


003 


O.OOtl 


14 


0.003 


0.0065 


13 


0.003.-, 


0.007 


12 


0.0035 


0.007 


11 


0.0035 


0075 


10 


0.004 


O.tMW 


9 


0.004 


0.0085 


8 


0.0045 


TOO 


7 


0.0045 


(X9. _ > 


6 


005 


0.010 



SPRING DIE SIZES 
It may be of value to include a table of suitable dimensions for 
spring screw dies, and the data in the sketch, Fig. 153, should prove 
of service, particularly for steel. For brass the cutting edge is radial, 
thus eliminating dimension A. The width of land at bottom of thread 
is usually made about *4 O- D. of cut. the milling between flutes being 
70 degrees for the flute and 50 degrees for the prong in the case of 
three-flute dies. 
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SIZING DIES AND TAPS 

As most all dies have means for slight adjustment, it is not neces- 
sary to use the same care in sizing them as in the case of taps which 
arc generally non-adjustable. Dies may be "chased out" to fit a 
male-threaded plug and a tap to suit a female gage. In the event of 
having only a plug or a sample to work to, the ball-point micrometer 
is very convenient in comparing diameters when cutting the thread 
on a tap. In making taps to a drawing or specification, it is of 
assistance to turn a portion of the tap to the theoretical bottom of 
the thread and then with properly formed threading tools, to use 
this part as a gage when sizing the tap, either copper plating with 














































% 


•v, 


'V 


*-t 






































k 


/a 




V 








« f 















































; die dimensions 



blue vitriol and burnishing the plate with the thread tool or dispensing 
with the plating and using a good eye-glass to detect when actual 
contact between the threading tool and tap blank at gage-point takes 
place. 

TESTING THREADING ACTION 
When in doubt as to the proper cutting action of a die or tap it is 
advisable to carefully turn or bore a piece of work, then thread the 
work under normal conditions. Now stop the work with the cutting 
action taking place, and in the case of external threading, note 
whether all the cutting edges are producing an even clean chip, or 
pushing the thread off. In case the thread in the die is smooth and 
the cutting edges are sharp and have been properly lubricated and the 
work is poor, the chances are that the angle of rake or the clearance 
is at fault. 



250 SCREW MACHINE TOOLS 

To examine the hole tapped out the work must be carefully sawed 
into two pieces. 

DIE HOLDERS 

Holders for die and taps for the automatic hare much to do with 
the success of these tools. Fig. 154 shows a very satisfactory holder 
made by the Pratt & Whitney Company. This appliance was developed 
for use in a screw machine whose spindle reverses very rapidly. 

Among the important features of this particular die holder are 
the following: The backward movement of the sliding die holding 
head a, which, as usual, occurs in running off the die or tap from the 
work, is never opposed by the guide fingers b b', should they strike 
against the ends of driving pins c '.'. as the guide fingers being pivoted 
at d </' swing out in this event. This pi-events stripping of the thread. 
The spiral springs c e' serve to return and retain the guide fingers 
in their normal parallel position which is required when the die or 
tap is cutting a thread. 

The edges of the guide fingers which come in sliding contact with 
the driving pins as shown are beveled to an angle of 15 degrees with 
the line of travel of the die head. This angle obviously results in a 
freer forward movement to the die head than when there is a parallel 
sliding action, and also insures the lead of the thread conforming 
very closely to that of the die or tap. The angle could be carried to 
such a spiral as to tend to push the sliding head forward immediately 
the die has caught. The 15-degrce slope, however, has proved very 
satisfactory. 

At / is shown a spring cushioning plunger which prevents undue 
shock when catching the first thread on the work, and is especially 
efficient when cutting threads finer than 32 per inch. 

ADJUSTMENT FOR LENGTH OF THREAD 
Positive and uniform length of the thread being cut is insured by 
adjusting the self-locking stop screw g. This stop screw determines 
the amount of travel which the die head a may have without rotating 
with the work. For instance, should it be desired to cut a %-inch 
length of thread, it is only necessary to adjust the nut forward until 
the amount of lap which the driving pins c c' have on guide fingers 
b b' is equal to % inch, as indicated at h. 

After the die head has traveled forward enough to free the driving 
pins, no further thread cutting occurs, as the die head, then being 
free, revolves with the work. When the spindle and work are reversed 
the die head usually reverses also until the lip on the groove in the 
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die head at i comes in contact with the spring-actuated pawl j. This, 
of course, prevents further reverse rotation of the die head, and as 
the work continues to rotate the die is unscrewed. 

In case the die head due to its inertia does not reverse with the 
work (as does happen occasionally), and should the driving pins and 
fingers in this event be in direct line, there is no danger of stripping 
the threads, for the guide fingers as hefore mentioned will under these 
conditions he caused to swing outward during the backward move- 
ment of the head by the driving pins. 

A light spiral spring k serves, when the die is not cutting threads, 
to hold the die head back in the body with cushioning plunger against 
the stop screw, and in use has the advantage of preventing the marring 
of the first few threads on the work when backing off the die providing 
after the thread has been cut, and previous to reversal of the work, 
the turret, together with the holder, be pulled backward a distance 
equal to a couple of threads. This eauses the spring to be in tension, 
and, after the spindle has been reversed and the die unscrewed from 
the end of the work, the spring brings the die head and die clear 
of the end of the piece that lias been threaded. 

On account of the fact that absolute alignment of turret and spindle 
is not always retained and as dies spring in hardening, a slight floating 
action between the sliding die head and body is allowed. Referring 
to the detail of the head, it will he seen that the shank is 0.435 inch 
diameter while the hole in the body is 0.4375 inch. 

In some cases where old machines arc used, considerably more than 
this freedom may he advisable; too much freedom, however, is bad, 
for then trouble may result in starting on the die. 



CHAPTER XIV 
FORMING TOOLS AND METHODS OF MAKING THEM 

Quite a variety of types of cutting tools and holders have been 
developed for cross-forming work on the automatic screw machine. 

For brass work flat-formed blades such as shown in Pig. 155 
or solid forged tools as in Fig. 156 are found very satisfactory, owing 
to its being possible to obtain with these perfect side and peripheral 



Where frequent sharpening of the tool is required and where the 
form produced must be kept uniform, these tools are not always satis- 
factory, and a tool whose cutting edge can be sharpened without any 
alteration to its contour is generally preferred. Fig. 157 illustrates 
what is usually known as a circular forming tool. The grinding is 
done on face abed, the form as indicated extending entirely around 
the periphery. Fig. 158 illustrates another type of forming tool which 
admits of the cutting edge being re-ground without alteration of its 
contour. This is known by various names, a very common one being 
"dovetail forming tool" from the fact of its generally having a 
dovetail to fit into its holder. To prevent any confusion this tool 
will be referred to as a dovetail forming tool hereafter in this chapter. 
These tools arc generally held and fed in such a manner that the 
cutting edge is on a radial line with the work being formed. In some 
special cases, however, it is found more satisfactory for the tool to 
travel tangentially to the work instead of radially. 

COMPARISON OF TYPES 

There are various things to be taken into consideration when 
determining whether to use a circular or a dovetail forming tool, 
and the following points may be of assistance when making the 
decision : 

1. The peripheral clearance angle being constant in both circular 
and dovetail tools, as shown by Fig. 159, it is clear that in the dovetail 
type there is more metal directly under the cutting edge than in the 
circular tools to conduct away the heat which is produced while 
forming. 
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2. The difficulty and cost of producing an accurate and smooth 
form leave much in favor of the circular forming tool. 

3. The type of tool post required for a circular forming tool often- 
times interferes with turret tools simultaneously operating on work 
with the cross-slide tools. The dovetail type of tool permits of the 
use of holders which do not thus interfere. 

4. The increasing peripheral clearance of a circular forming tool 
permits a lesser angle to be utilized at the point of cutting than with 
the dovetail type, and this lesser angle has a tendency to prevent 
chattering on account of the support afforded. With the dovetail 
type, stoning the clearance face is sometimes resorted to, which in 
effect gives a lesser angle at the cutting point, as indicated in Fig. 
160 at B. 

A similar result with the circular tool ■without stoning the clearance 
edge is obtained by properly determining the relation of the center 
of the cutter to the center of the work as shown at B', Fig. 161. 
Raising or lowering the cutting edge of the tool changes the clearance 
angle and incidentally changes the form produced. Consequently the 
clearance angles and the relation of the center of the cutter holding 
bolt to the work center are points which it is necessary to consider 
carefully. 

DIAMETERS AKD CLEARANCES 

With a given material the larger the diameter of the work the 
greater the angle of clearance required. Clearance angles are seldom 
less than 7 degrees and seldom over 12 degrees except on work out 
of the ordinary run. 

The diameter of circular forming tools is an important point to 
consider. A small diameter has a more pronounced change of clear- 
ance angle than a large diameter. In fact, when of an exceedingly 
large diameter the circular tool approaches in cutting action the dove- 
tail type of tool. 

On the Pratt & Whitney automatic screw machines the standard 
outer diameters of circular forming cutters are as follows: 

No. machine, 1%-inch 0. D. cutter. 

No. 1 machine, 2-inch 0. D. cutter. 

No. 2 machine, 2t/ 8 -inch 0. D. eutter. 

No. 3 machine, 3-inch 0. D. cutter. 

In order to obtain suitable peripheral clearance the practice is to 
locate the center of the eutter above the center of the work as at 0, 
Fig. 162; the tool holder being bored out above the center as indicated 
and the forming tool milled out below center a corresponding amount 
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so that its flat cutting surface is level with the center of the work. 
A very satisfactory amount to locate the circular tools above center 
and cut their working edges below for the machines just referred to 
is as follows: For No. machine, Vs inch; No. 1, '/is inch; No. 2, 
*/ii inch ; No. 3, 3 / ie inch. 

GETTING THE TOOL DIAMETERS AT DIFFERENT POINTS 

In order to produce a circular or a dovetail type of tool so that 
the contour of its cutting edge is such as to produce correct work, 
the amount a circular too! is off center as C in Fig. 162 and the 
clearance angle of a dove tail tool as at D, Fig. 159, must be known. 

SO.O AUTOMATIC FORMING TOOLS lx" OUTSIDE DIA. CUTTING EDGE k"bELOW CENTER. 



T DIAMETER OF COTTER. 

ioM=**(5&a)arca. 

EACH GBADUAT10N=MC ( m ) INCH. 
DIFFERENCE IN DIAMETER OF SAMPLE. 
Fig, 183. — Diagram for finding actual diameter of circular forming tools for P. & W, 
No. Automatic. 

In connection with the circular type of tool the diagrams Figs. 163, 
164, 165 and 166 will be found convenient for quickly ascertaining 
the diameters of the various sections of the tool. The method of using 
these diagrams is given in Fig. 164, 

Where different diameters than those given in the diagrams are 
used, or when the amount (he cutter center is set off from the work 
center varies from the diagrams, the following formula may be used 
in connection with Figs. 167 and 168: 

f=9- VffH ■« 2 -T2a vV -"c 2 ") 

To compute the measurement T on dovetail tools, Figs. 167 and 
168, the formula would be: 



Ten degrees is a very common clearance for dovetail tools; cosine 

10° = 0.98481, 
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TOOL-MAKING METHODS 
There are various methods employed by the toolmaker in accurately 
making circular and dovetail forming tools. The form of tool has 
considerable to do with the scheme selected. For instance, if the 

work is entirely without curved or irregular outline the tool, if cir- 
cular, would be simply turned up in an engine lathe to the correct 
dimensions, sometimes making allowance for grinding, and then mill- 
ing out a section for the cutting edge. In case the cutter in question 
is of the dovetail form and has been correctly dimensioned, no difficulty 




167-169. — Finding cutting depths of forming tools. 



will be experienced in accurately planing to dimensions if the tool- 
maker has proper dimensioned size blocks. The depth micrometer 
also is of value in this work. Sometimes fly cutters are also used for 
making these dovetail tools. 



THE TRANSFER SCHEME 
It sometimes happens that circular cutters are to be made which 
are very difficult to caliper; it is then quite frequently advisable to 
turn a tool-setting gage of the correct diameter and copper plate 
the gage (using bine vitriol), and then to size the cutter correctly 
by first bringing a master tool into contact with the gage, noting the 
graduation on the micrometer collar on the feed screw of the lathe, 
then moving the carriage longitudinally and bringing the master tool 
down upon the cutter to the same position. This scheme admits of 
several master tools being used, and in connection with micrometer 
stops or suitable size blocks for the longitudinal movement of the 
carriage accurate circular tools can he economically made. 
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Pig. 170 illustrates this transfer scheme, corresponding numbers 
indicating corresponding diameters of model and cutter. By simul- 
taneously using a fixed dead tool arranged as a stop on center against 




:. — Making circular forming t 



the gage before referred to and a master tool off center the amount 
the circular cutter is off from the work-center, the gage may be made 
of such diameters as would be correct with the cutting edges of the 
circular cutter on the radial line instead of being off center. Another 
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modification of the scheme is to dispense with the dead tool or stop 
referred to and use a rigid master-tool-holding block capable of rapid 
vertical adjustment which will permit of setting the master tools to 
the gage while on center and then allow them to be dropped below 
center an amount equal to the amount the cutting edge of the cutter 
is off center. This permits very accurate cutters to be produced. Fig. 
171 will give an idea of this method. 

Sometimes it is found convenient first to rough out the circular 
forming tool and next mill out the space for the cutting edge, and 
thus permit the master tool to be used without the chance of error 
creeping in which might occur on account of the necessity of moving 
the cross slide of the carriage in and out. 

It will be found of advantage to use tissue-paper feelers between 
the master gages and the tools in these transfer methods. Some tool- 
makers prefer merely copper plating the master and just burnishing 
the copper surface to show contact previous to transferring. 

MASTER TOOLS AND TEMPLETS 

When irregular shaped circular forming tools are produced by 
direct micrometer measurements, the master tool is generally made 
of the same contour as the work that is to be produced ; consequently 
the master tool when finishing the circular tool must be held off center 
an amount equal to the amount the cutting edge of the circular tool 
is off center. The sequence of operations in making a circular tool 
from a given model or drawing is shown in Fig. 172. First is prepared 
a master tool templet A, and then a master tool B. The templet is 
of sheet steel and should be made from a rectangular piece that is 
perfectly square to facilitate measuring with a micrometer. Consider- 
able skiil is required to file complicated forms accurately. The master 
tool B is shaped exactly to fit the master tool templet A, and is also 
made perfectly square to permit measuring with a micrometer. 

The circular tool is formed by the latter as previously outlined 
and as shown in Fig. 172. Owing to the thin scraping chips taken 
when finishing a cutter to exact size the master tool may have a 
tendency to glaze instead of cutting. The use of turpentine prevents 
the glazing by assisting the tool to take hold on very thin chips. In 
some eases two or more master tools are found more convenient than 
the one, especially in making wide circular forming tools, and in this 
event it is customary to make a male sheet-steel gage D, Fig. 173, 
for convenience in testing the longitudinal positions of the various 
cuts in the circular tool. This latter gage docs not require the com- 
plete form as it is commonly used for longitudinal work only. 
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MAKING DOVETAIL TOOLS 

In planing dovetail tools size blocks may be used as already men- 
tioned for setting the planer or shaper tool to the various heights 
required. A stop screw may be located as at a, Fig. 174, and size 
blocks used as at 6 for regulating the setting of the head. Or a 
depth micrometer may be used instead of the stop screw, tissue-paper 
feelers being used in either case. Size blocks may also be used directly 
on the plate in many cases, the tool being brought down into contact 
with the different blocks for getting the depths of the various grooves, 
etc., in the cutter blank. 

In using a formed tool of same contour as the model in planing 
the dovetail tool as in the enlarged sketch in Fig. 174, the formed tool 
is held in the post at the same angle as the dovetail tool will afterward 
be used on the work. The dotted lines indicate the angle to which 
the working edge will be finished and the planing tool is shown set 
at the same angle. 

In planing the dovetail form of tools it will sometimes be found 
of advantage to plane the face of the cutting edge of the blank to 
the correct angular relation to the clearance face as at A, Fig. 175, 
and then scribe the contour desired on this cutting face from a templet. 

If the templet is fastened to a block as shown, the shape of the 
finished soft cutter may also be nicely tested as in Fig. 179. 

As frequent hardening and annealing of tool steel is liable to affect 
its quality, various expedients are resorted to in order to test the 
correctness of tools without undue waste. 

TESTING OUTLINE OF FORMING TOOLS 

A common scheme is to mill the circular tool as in Pig. 177, where 
a is the actual cutting edge and b a trial cutting edge. The cutter 
is hardened at b only and a piece of work is formed by this edge. 
If incorrect, the cutter edge is annealed at that point and then cor- 
rected. Another method is to insert a flat piece of steel as in Fig. 
178, and after forming,. the test piece is removed and hardened to 
test the accuracy of the form in the cutter. 

A glass plate is frequently found convenient when testing the out- 
line of a circular tool with a templet, the sketch, Fig. 179, showing 
the application clearly. 

Narrow circular cutting-off tools and in fact almost all delicate 
circular forming tools which are apt to be cracked by hardening are 
benefited by having radial slots milled as shown in Fig. 180; they are 
then less liahle to crack than when left solid. 
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Fie. 181.— Adjustable tool post for circular forming tools. 




Fig. 182.— Adjustable too] 
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TOOL POSTS 



There are many types of tool posts for holding cross-forming and 
cutting-off tools. Fig. 181 is a form of post made by the Pratt & 




Fig. 183. — Tool posts for two circular tools. 

Whitney Company for holding circular forming tools. This has an 
adjustable swivel tongue or guide A which is controlled by an eccentric 
pin B. The cutter is doweled to the tool holder C by pin D and the 




Fig. 184. — Post for dovetail tool holder. 



holder after the cutter has been brought into correct position is 
firmly clamped to the tool post. There are a number of holes in the 
tool holder C which permit the cutter to be doweled until entirely 
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worn out. The holder is clamped by screw E, and being considerably 
further from the center of the cutter than the cutting edge insures 
rigidity in this respect. The cutter and holder furthermore are 
clamped by the center tool binder F. A gage for quickly locating 
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Fig. 185. — Dovetail forming tool post. 

the cutter edge on center is part of this equipment. Fig. 182 illustrates 
a pair of these posts in position and a gage is shown at g in the drawing. 
Fig. 183 illustrates a circular forming-tool holder with two varying 
diameters of tools which has been used on automatics equipped with 
magazines for cast-iron sewing-machine hand wheels and similar work 
where considerable variation in diameters would require a very large 




-Post for straight cut-off and forming tools. 



circular tool of the ordinary type, which would be unsatisfactory as 
regards peripheral clearances. 

Fig. 184 is a common dovetail tool holder and post. Fig. 185 
represents another style of tool post for holding the dovetail type 
of tool. Fig. 186 shows a tool post for holding flat tools. The tool 
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is clamped by screws a in swinging block b which is adjusted by 
screws e and clamped fast with the tool post to the cross slide by 
nut d. An eccentric pin e, adjusts the tool to position vertically, and 
the swinging block gives the required adjustment for side clearance. 
There are numerous other types, where provision is made for 
adjusting the tool vertically by wedges, swinging anvils, etc. Fig. 187 
illustrates one of these posts with swinging anvil. 

APPLICATION OF TOOLS TO WORK 

Generally, circular dovetail-forming tools do not have perfect side 
clearance. This feature is discussed in Chap. XVI on "Why Chips 
Cling to Screw Machine Tools." 




.—Tool post with atljuatatile 



One point that should be carefully considered in the use of cross- 
forming tools is whether it is most desirable to use a tool with the 
forward or reverse movement of the spindle. This is of particular 
importance when the forward and reverse speeds are greatly at 
variance, which is generally the case, as the production per hour may 
be greatly increased or decreased according to these conditions. The 
question as to whether a cross-feeding tool is to be in cutting action 
simultaneously with an opposite cross-feeding tool, or with a tool in 
the turret, is also to be considered in this connection. 

Fig. 188 illustrates a variety of work which is common to the 
automatic screw machine and shows various arrangements of forming 
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tools, several of which are adapted for simultaneous operations of 
front and rear tools which many times is conducive to a high rate 
of production as the cuts taken with each tool may be greater than 
if either were operating alone as the side pressure on the work is 
balanced. When the construction of the machine does not permit 
of the simultaneous cutting action, a similar arrangement of tools is 
satisfactory; only the time and sequence of their operations must bo 
taken into consideration. 

FORMING AND TURNING 

There are a number of important details regarding the shape and 
method of using forming tools some of which will now be touched 
upon: Sketches A, A', A 2 , Fig. 188, indicate a method of forming and 
cutting off a piece with two tools, one of which is, of course, fed 
into the work before the other. The burrs indicated by arrow points 
at A 1 are due to the rubbing of the forming tools on the side cuts, 
and unless there is perfect side clearance to the forming tool, the 
burr will be increased. By adding a bevel edge to the tool, as shown 
by A, the burr produced is removed. A 1 is a refinement over A. At B 
is illustrated a common method of simultaneously cutting off and 
forming shoulder screws, the two tools finishing their cuts at the same 
time. Where a machine with single cross slide is used for producing 
work in this fashion, the cut ting-off tool should precede the forming 
tool as the bar then has its full diameter and strength for the cutting- 
off operation. Sketches C to C : ' show an ordinary screw in which 
the head is to be formed by cross-slide tools and the body turned 
by a box tool or hollow mill in the turret. The cross-slide tools start 
their cuts together, but the forming tool for the head, of course, has 
to finish first. The cut ting-off tool should be made so as to bevel the 
end of the bar as shown, in order to permit the starting of the box 
tool on a light cut until its back rest has a good support. 

The forming cutter for the head should be beveled as at c in C 
in case the bos tool follows the forming cut. This allows the tool 
to cut into the stock as at C 2 , leaving a beveled shoulder so that 
when the box tool is fed along it completely removes the superfluous 
metal without leaving an objectionable ring which is quite apt to be 
produced under the conditions represented in C* and C. The ring 
of metal there seen, which is a result of the square shoulder cut by 
the forming tool in C*, is quite apt to tip over on the screw blank 
and cramp and to later on prevent the die from cutting the thread 
properly. 



SCREW MACHINE TOOLS 




FORMING TOOLS 



SUPPORTING LONG WORK 



At D is illustrated a method of forming and cutting off long pieces 
where it is generally advisable to use a supporting device as indicated. 
It is obvious that the two cross-slide tools are not used simultaneously 
in this case. The bevel at D left by the first tool prevents the work 
breaking off prematurely. E is a very simple piece to produce. "Where 
there arc double slides on the machine the two tools may start their 
cuts at the same time, but the rear tool, of course, merely chamfers 
the edges of the work. This bevel cutter is a refinement not always 
required, but it is desirable when the burr which would be produced 
by the front too! is objectionable. 

MAKING SHORT SCREWS AND OTHER PARTS 
At F, F 1 , F 1 and P 3 are shown several methods of forming and 
cutting off short screws. The method at F is a rapid one and is 




of dovetail lools. 



particularly recommended for machines with one cross slide, the cut- 
ting off of the finished screw being accomplished at the same time 
the forming of a new blank is being done and requiring a traverse 
movement of only about one-half the radius of the work. F 1 and F 1 
arc applicable only to a machine with double cross slides in ease 
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simultaneous cutting action is desired. These two methods are rapid, 
both tools finishing their cuts at the same time. P s requires a more 

costly tool outfit, but on account of balancing the cut is preferred 
where coarse feeds are taken or long work is to be formed. The 
method of producing short screws indicated in P 3 makes use of a 
rear cutting-off tool after the forming tool has completed its work. 

G illustrates a scheme which is of value where roughing and finish- 
ing cuts are required on exceedingly accurate work. The roughing 
tool cuts off the piece previously formed and leaves a light cut for 
the finishing tool to take on the work outlined. H is self-explanatory, 
indicating the value of the turret support for the work. 

A PAIE OF DOVETAIL TOOLS 

A method is shown in Fig. 189 for getting perfect side clearance 
in dovetail -forming tools. The front tool is used for finishing the 
left-hand sides of the work flanges and the rear tool for finishing 
the right-hand sides and the end, the tools being inclined in opposite 
direction so as to obtain clearance for these cuts. The tools are cut 
out as indicated by the arrows, at diagonally opposite points so that 
eaeh cutter will clear the surfaces finished by the cutter opposite. 
Similarly, side clearance to circular tools is possible by inclining their 
axes. 

ARRANGEMENT OF CIRCULAR TOOLS 

In Fig. 190, sketches J, K, L, M show various ways of arranging 
forming tools with reference to the direction of rotation of the spindle. 
These are to be considered as being viewed from the turret, looking 
toward the head spindle. The arrangement at J is a most common 
one when a spring screw die or a tap is to be used. The low-speed 
forward drive of the spindle is used for the cross forming of the 
work (as at C-C l , F-F 3 , Fig. 188), while the high reverse speed is 
utilized for removing the die or tap and for light cutting-off cuts 
like that at V z . At K is a similar arrangement to J, and in some cases 
this is substituted for the former, particularly where the die or tap 
has a left-hand thread; the cutting-off tool is used at the front and 
the heavier forming cuts taken from the rear in this event. 

L and M show arrangements of tools where they operate simul- 
taneously or where there is no necessity for reversing the direction 
of rotation of the head spindle. In this latter case the spindle speeds 
generally differ, and by carefully selecting the proper speeds a high 
rate of production will be possible. In all cross-forming work it is 
essential that the spindle fit snugly in its front bearing and that the 
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collet or chuck has a good parallel cotitaet with the bar which is being 
formed. A bell-mouthed collet is most frequently the cause of chatter- 
ing, although excessive clearance may also promote chattering. 

The tool holder should be of such design as to hold the tool firmly 
and the cross slide of such dimensions and so gibbed as to permit 





Fig. 190.— Forming tool 




of no spring or shake. With careful attention to these details and 
providing the cuts are supported from the turret when they are wide, 
and also providing the design of the tool and the question of clear- 
ances arc carefully considered, excellent results should be obtained. 

The rates of feed and the subject of lubricants are discussed in 
other chapters of this book. Obviously speeds, feeds, and lubrication 
all have an important bearing on results obtained in the automatic. 



CHAPTER XV 

HURLING TOOLS AMD THEIR APPLICATIONS 

Nurling in the screw machine may be accomplished in several ways. 
The softer materials such as rod-brass, etc., due to the greater mobility 
of the metal, permit of deeper and coarser pitch nurling than the 
harder and more brittle metals. 

OPERATION OF THE NTJR1 

Generally speaking, the nurling tool which is a hardened tool steel 
roll, with impressions on its periphery the reverse of those desired on 
the work, is allowed to rotate freely when brought into contact with 
the blank that is to be nurled. In some instances, however, long, fancy 
impressions, numbers or letters arc to be nurled upon blanks, and 
in this event precise results are insured by coupling the nurl to the 
work spindle by gearing, so as to revolve it positively at a correct 
uniform speed. 

In addition to producing fancy corrugations by nurling, short 
threads are successfully rolled in. In typewriter manufacturing estab- 
lishments it is common practice to burnish short sections of studs and 
shoulder screws to size by passing across the work two cylindrical 
hardened and ground rolls, which are separated to give the exact 
diameter desired. 

METHODS OF NURLING 

Referring now to the more common nurling operations, there are 
three methods to consider. 

Method A. Nurling from the turret by use of a holder carrying 
two or more narrow nurls which may he adjusted radially to suit the 
work. These nurls are passed longiturtivaUy over the work. Pigs. 191 
and 192 illustrate two types of these tools. 

Method B. Nurling from the cross slide by use of a holder carrying 
one or two nurls, and forcing the nurl radially into the work. This 
is illustrated at a and b, Fig. 193. 

Method C. Nurling from the cross slide by means of a holder 
carrying a nurl, so as to pass tanyently across the work. Fig. 194 
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Figs. 191-196.— NurliDg t 
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illustrates this type of holder in combination with a cutting-off tool, 
the nurling operation being accomplished first and the cutting-off 
following. 

APPLICATIONS OF DIFFERENT METHODS 

Method A, owing to the absence of any side pressure, is recom- 
mended for all cylindrical nurling operations when the length of the 
desired impression is greater than its diameter. In fact many 
operators use this method for all straight work. On complicated work 
where all the turret holes arc required for the various cutting tools, 
it sometimes becomes necessary to use holders, which, in addition to 
holding the nurling tools, are so arranged as to hold an internal 
cutting tool such as a drill or counterbore. The holder must be stiff 
so as to hold the nurls to the work firmly without spring. 

Method B is recommended only for narrow nurling on soft metals 
close to the end of the head spindle. On hard materials or on wide 
work, the excessive pressure required to force the nurl into the work 
is apt to crowd the work away and produce poor results. 

Method C is a satisfactory means of nurling work up to a length 
equal to its diameter, providing the nurling is close to the end of the 
head spindle. The pressure required to force the nurl into the work 
is much less than by method B. These last two methods permit of 
all the turret holes being utilized for other operations, and as shown 
by Fig. 194, method C permits of the combining of the nurling and 
cutting-off operations in one holder. Method C may he satisfactorily 
used for nurling work as in Fig. 195, having several narrow steps, 
by arranging the holders to carry three nurl studs as indicated by 
Fig. 196. The nurls cut one after the other, and thus prevent undue 
pressure due to simultaneous action upon the work. 

END NURLING AND BURNISHING 

In addition to nurling upon the periphery of work, quite frequently 
end nurling as in Fig. 197 is required. This is satisfactorily accom- 
plished by means of a turret nurl holder carrying a bevel nurl at a 
suitable angular relation to the work as shown in Fig. 198. 

The method of applying burnishing rolls to short studs, screws, 
etc, as referred to in connection with the manufacture of typewriter 
parts, is illustrated in Fig. 199. 

In this chapter the aim has been simply to outline the various 
methods and to point out where they might be successfully used, there- 
fore no detailed description of the various types or holders or of 
methods of making nurls is given. 
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RESULTS OBTAINED 



All of the methods described when used on work for which they 
are recommended should give excellent results, providing the nurling 
of too heavy impressions for the character of the material is not 
attempted, and also providing the work is turned to proper circum- 
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ferential dimensions so as to mesh well with the pitch of the nurling 
tool without irregular spacing at the end of each revolution. A slight 
variation in the diameter of the blank oftentimes results in a marked 
improvement in the appearance of the piece when nurled, especially 
on coarse pitch work. 

A liberal supply of lubricant should be used on the work and 
unnecessarily high speeds avoided. 



CHAPTER XVI 
WHY CHIPS CLING TO SCREW MACHINE TOOLS 

Clinging of chips to the cutting edges of tools used in the screw 
machine or under similar conditions is due largely to the heating 
of the chip or of the cutting edge of the tool, or both, to such an 
extent as to cause the chip to become "welded" to the tool. 

This heating may be caused by: (1) Lack of sufficient angular 
clearance between tool and work; (2) too high cutting speed and 
consequent dulling of cutting edge of tool; (3) insufficient and 
improper cooling or lubricating material ; (4) incorrect rake of cutting 
edge of tool; {5) lack of chip room; (6) too much non-cutting tool 
surface in contact with work. 

CLEARANCE 

Referring to the matter of angular clearance, Fig. 200 gives an 
idea of desirable conditions for a cutting-off tool, while Fig. 201 
illustrates undesirable conditions. The slight flat at a, Fig. 200, is to 
insure smoothness of the work. In case circular tools are used in the 
ordinary manner to cut down a form, as in Fig. 202, there is no clear- 
ance at the outer edge of the cutter at 6. By swinging the center 
slightly, as shown in Fig. 203, so that the axis of the cutter is not 
parallel with the axis of the material being worked, perfect clearance 
may be obtained. "When one tool is used for cutting both sides of a 
narrow slot, as in Fig. 204, a rectangular form of tool is generally 
recommended, as complete clearance can be obtained. This form of tool 
has a relatively short life as compared with the circular type of tool, 
and consequently the latter with its partial clearance, as shown in Fig. 

205, is commonly used. In cases where it is not subjected to severe 
duty as regards cutting speed, good results are obtained. When the 
width of the slot is not important, each side of the tool may be finished 
spirally, giving excellent clearance conditions, as illustrated by Fig. 

206. The clearance should be ample to avoid undue contact with the 
work, but on the other hand not be so much as to produce a thin cutting 
edge, as the latter will quickly heat under working conditions and then, 
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becoming soft, will rapidly become unfit for use. Furthermore, chat- 
tering may result from too much clearance, as indicated at A, Fig. 209. 
It should be obvious that internal cutting tools require clearance as 
well as external tools; in the former ease not only the cutting lip, but 
the outer diameters require back clearance, as represented in Fig. 207. 

CUTTING SPEEDS 

It is conceded that there is a limit to the cutting speed on account 
of the edge of the tool giving out when an exceedingly high speed is 
attempted. There is also a limit due to the heating of the chip so 
as to cause it to weld to the tool. Apparently the material being worked 
has considerable to do with this trouble ; experience shows that soft 
low-carbon steel and brass and similar materials will cause the most 
trouble, as the welding process occurs before a speed destructive to the 
cutting edge has been reached. On harder material, i.e., cast iron or 
steel with more carbon, the welding is not as troublesome. 

COOLING AND LUBRICATING MATERIALS 

In many shops "good lard oil" is the standard prescription for use 
in connection with external and internal cutting operations on cylin- 
drical work. The advantages of oil are fully appreciated when the 
element of friction plays an important part — for instance, in cutting 
threads with dies or taps, and in some other internal cuts — but successful 
results have often been obtained when absolute failure seemed apparent 
by substituting a cooling material composed largely of water in place 
of the oil. 

Oil positively will not conduct away the heat generated by high 
cutting speeds and feeds as rapidly as many of the numerous cooling 
materials on the market. Oil, as compared with the thinner liquids, 
is sluggish in penetrating to the point where the chip is being torn 
from the work. 

For internal work a compromise, or in some cases the clear oil, is 
more desirable on account of the fact that the tools do not generally 
have as perfect a clearance. 

RAKE 

In ease of the tool having negative rake, as at C, Fig. 208, the chip 
will be pushed off instead of being clean cut and curled, as at D. When 
negative rake is carried to extremes, the chip which is being broken off 
may be drawn between the cutting edge of the tool and the work and 
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thus become wedged and heated, and welding may result. The wedging 
action is particularly troublesome on internal work, and may frequently 
be overcome by changing the type of the flute in the tool, 

In cases of tools having excess positive rake, as in Fig. 209, the 
cutting edge being so thin, rapidly heats and becomes destroyed, so that 
this condition must also be avoided. 

Clearance and rake form quite a deep subject. The exact amount 
depends upon the nature of cut as well as upon the nature of the 
material being cut; in this chapter it is not desirable to go into the 
matter at any great length, as it has been treated in connection with 
various classes of tools in the preceding chapters of this section. The 
point to be emphasized in connection with the subject being treated 
is that the cutting edge must not be given too acute an angle. 

CHIP ROOM 

On internal cutting tools, when there is little chip space, the packing 
or wedging of chips and the resulting heat cause much trouble, particu- 
larly on brass and similar materials; increased chip space overcomes the 
difficulty. 

The form of cutting flute influences greatly the welding action, and 
in some instances the spiral of the flute has an effect. Where a long 
chip causes trouble, a straight flute or sometimes a left-hand spiral is 
more satisfactory than the more common right-hand spiral. 

The cutting edge should generally be radial, as at E, Fig. 210. In 
case it is ahead of the center, as at F, the chip is forced outward and 
against the work, and then may become wedged into the cutting edge. 
Making the cutting edge slightly below center, as at G, where a straight 
flute or right-hand spiral is used, is sometimes recommended, as the 
chips then automatically work toward the center of the tool, and arc 
then forced out from the front of the hole being bored. 

"When wide chips cause trouble, the cutting edge may he serrated 
or broken and narrower chips produced. 

The style of cutting edge, number of ait ting edges, etc., are second 
only in importance to clearance and rake, and much is to be learned 
in this direction. 

SURFACE IN CONTACT WITH WORK 

The difficulty of too much non-cutting surface in contact with the 

work is experienced mostly with internal cutting tools and particularly 

in brass and bronze work. H, Fig. 211, illustrates a drill correctly 

relieved; K, Fig. 211, is bad. In the latter case the material being 
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worked becomes welded to the surface L, on account of the heat caused 
by the rubbing action of such a great amount of contacting surface. 

In conclusion, while it is generally the practice to design tools to suit 
the material, it must not be overlooked that a slight change in the nature 
of the material being machined will oftentimes make possible great 
improvement both as to quality and quantity of work turned out. 



SECTION V 
BOEING 



BORING MACHINES AND THEIR WORK 

There are two main types of boring machines, horizontal and 
vertical. The latter are usually called boring "mills," instead of 
machines. This is not universally true, however, as the horizontal type 
is sometimes called a "mill" as well. The safer way is to designate 
the kind of machine to avoid misunderstandings. 

The general appearance of each type, together with the names 
of the principal parts, is shown in Figs. 1 and 2. 

Horizontal boring machines may also be divided into two types. 
In one type the spindle revolves in fixed bearings as does the spindle 
of a lathe while the table carrying the work moves vertically with 
relation to it. The other, usually referred to as the Lucas type, 
carries the spindle in a head which has a vertical movement but the 
table remains at a constant level. Each has its uses and its advocates 
and examples of both machines at work will be illustrated, the views 
being obtained from different shops and showing a variety of work. 

In Pig. 3 a machine of the first type is boring out a hollow spindle 
of some sort, the work A, being clamped in the brackets BB which 
are mounted on the bed C. This bed is not part of the machine but 
is merely a support for the work and for the guides D and E which 
hold the boring bar in position. The front end is fastened to the table 
of the machine while the outer end is supported on the block F. The 
bar is fed through the work by the end movement of the spindle of 
the machine. 

Another type of job is shown in Pig. 4. In this ease the work 
is mounted on a revolving table on top of the regular table, so as to 
be readily swung into any position by means of the handle A. The 
work B is held in the fixture C, which guides the boring bar at D, 
a similar guide being provided at the other end. Here the work is 
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Fig. 2.— Boring mill— 
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Fig. 3. — Boring a large spindle. 
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short and requires no extension of the bed. The table is supported 
by two heavy screws, E and F, which arc operated in unison by the 
bar G. Blocks HH form a simple but convenient support for the 
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Fig. 5. — Boring gas engine base. 




—An unusual boring machine job. 



boring bars not in use. It keeps the bars off the floor, free from dirt 
and safe from injury. 

The second type of machine, while considered by some as primarily 
a tool room machine, is largely used in manufacturing operations in 
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shops of different kinds. Fig. 5 for example shows how a builder 
of marine gasoline engines bores the bed to receive the crankshaft 
bearing supports. Facing heads with star feed are provided at each 
side of the crank case so that after boring, the outer surfaces are 




;ng and reaming a hole. 



faced off square with the bore. The engine casting is supported on 
brackets, one being shown at A, the flange of the engine base bolting 
to the bracket. 

An unusual boring job is shown in Fig. 6. Here the large circular 
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casting must have a large number of holes, accurately spaced and 
bored both radially and lengthwise of the piece. The circular or 
revolving table A has been removed from the bed of the maehinc 
and bolted to the [date Jl. This in turn, is held by heavy C clamps, 




Fig. 10. — A taper boring bar. 



C to an angle plate which holds the circular table vertical to the 
main table. The graduations on the circular table allow the work 
to be revolved a given number of degrees. Then the boring cutter 
is fed into the work by the wheel shown. 
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For boring the radial holes, the angle plate was swung parallel 
with the spindle and the circular table indexed in the same way. The 
clamp D holds it in any desired position. 

A few plain boring operations are shown in Figs. 7 to 10. In 



f— J 



Fig. 11. — Boring a e 




Fig. 12.— Millin; 






Fig. 7 a plain bar with inserted cutters is used. One of these has 
just bored the left hand bearing and the operator is putting in a longer 
cutter to face the end of the bearing. This is held by a set screw 
in the most simple fashion. Fig. 8 shows the use of a reamer for 
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finishing the hole, the reamer itself being on the table in front of 
the fixture which holds the work. 

Another boring job is seen in Fig. 9, the hole for elevating screw 
being bored in the outer end support of one of these machines. The 




FlG. 14. — Boring a pair of slides, 



boring bar is at work and the reamers for other operations may be 
seen on the table. 

The method of boring a taper hole is shown in Fig. 10. A straight 
hole has been bored by the bar at the right which is now carried in 



the outboard support. The taper boring bar is screwed to the nose 
of the spindle and has a slot in which the tool block slides when 
fed by a screw beneath. At the outer end of the screw is a star wheel 





1G. — A larger inilliog job. 



which gives the feed desired. In this way the tool block is fed along 
the slot in the bar and the desired taper is accurately bored, 

The next illustrations, Figs. 11 to 14 inclusive, show work where 
a combination of boring and milling can be used to advantage. Fig. 
11 shows the boring bar at work and at the same time the large 
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milling cutter screwed on the spindle ready for work. The reamer 
which follows the boring bar, is also shown on the table in front 
of the casting. 

In Fig. 12 the boring bar has been removed and the milling cutter 




'<. — Milling the other end. 



is at work surfacing the side of the casting. The table feeds, aeross 
the bed while the head remains at the same height. 

In Fig. 13 the same piece of work has been swung 90 degrees and 
a still larger milling cutter is at work on the large surface of the 
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casting. Here both the vertical feed of the spindle and the cross 
feed of the table, can be utilized to advantage. 

Another and smaller job is shown in Fig. 14, where a double pointed 
cutter bores a good sized hole and the cutter faces the vertical side 
of the work. The milling operation is shown in Fig. 15. 




Fia. 19.— Milling base of outer support 

Four large milling jobs are shown in Figs. 16 to 19 inclusive. The 
first is milling the end of a large table, Fig. 17 a large cross surface 
at the bottom of a column, and Fig. 18 the top of the same column. 
In Fig. 19 the large base of the outboard support is being surfaced 
by a large cutter which takes in the entire width at one cut. 



CHAPTER II 

THE HORIZONTAL MACHINE IN THE RAILROAD SHOP 

The following illustrations show some of the kinds of work which 
machines of this type are doing in railroad shops. They need little 
explanation in addition to the captions under eaeh cut. See Figs. 
20 to 29 inclusive. These show actual work being done in different 




Fig. 20. — Milling posts in locomotive valve bushing. 

railroad shops and contain many suggestions as to the methods used 
in holding the work, the tools used as well as general information 
regarding the shop practice in various parts of the country. 

In Fig. 20 for example, the valve bushing is but a shell and care 
must be taken not to spring it out of shape. As will he seen it is 
clamped down on a fixture fastened to the table and is further fastened 
by a bolt through the center. 

The holding of the steam chest in Fig. 21 is a very simple matter, 
and involves only the use of hairpin straps and blockings. The stuffing 
box is being turned with a sweep cutter. The centering plates, Fig. 22, 
arc held in a special fixture so that three cutters arc at work at the 




Fig. 23, — Boring link motion brackets. 
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same time. This fixture swivels so that the plates can be milled at 
any desired angle. This took the place of a regular, single fixture 
on a milling machine. 

Fig. 23 shows two locomotive jobs, one on the machine and the 




Fig. 25. — Boring compound cyfindf 



other on the floor at the left. The link brackets on the machine have 
two holes as can be seen. The rapid power movements of the machine 
enable the bar to be easily raised to the upper position and also to 
move the tabic so as to bring the bar in line with the other holes. 
The forward guide for extended piston rods which stands at the left 
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was bored on the same machine. The half circle is bored with 
sweep cutter. 




Pic. 26. — Boring a rocker-box. 
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Another sweep cutter job is shown in Fig. 24 where a valve 
bushing is being bored. The clamping methods are simple, the use 
of curved blocks distributing the pressure so as to avoid spring- 
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ing the thin walls of the bushing. In Fig. 25 the machine is 
boring the two cylinders of a steam pump. Here again only one 
setting of the bar is necessary. The center distance between the 




cylinder job. 



cylinders is secured by moving the table across the bed, measuring 
by the graduated dials on the cross feed screw. 

The machining of a cast iron rocker-box is shown in Fig. 26, 
The two halves are clamped on the table and the faces milled 




Fig. 29.— Milling roller 



at one pass of the cutter. They are then bolted together as seen in 
Fig. 26 and bored. Only simple clamping fixtures are needed. 

An odd job of boring is shown in Fig. 27. The piece is a mast 
head for a walking crane and the five holes shown are drilled, bored 
to size, and faced at one setting. Here again only simple clamping 
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devices arc necessary and tiie rapid power movement of both spindle 
and table. 

Two other views, Figs. 28 and 29 show Iwo widely different jobs. 
Fig. 28 is the steam cylinder and cradle of a washout pump. This 
involves considerable boring, both the cylinder and cradle being 
machined. Fig. 29 is a heavy milling job, this being the roller scats 
for a De Voy trailing truck box. Four inserted tooth angular cutters 
are used. These reduced the planing time by half. 



CHAPTER III 

UNUSUAL WORE ON A BORING MACHINE 

The adaptability of an accurate horizontal boring machine when 
in the hands of skilled mechanics is illustrated in Figs. 30 and 31, 
which come from the toolroom of the Ford Motor Co., Detroit, Mich. 
A general view of the machine, which is a Lucas, is shown in Fig. 30, 
while Fig. 31 shows the cam cutting in detail. 




Fig. 30.— Cutting large 



The outer support has been removed from the end of the bed, 
and in its place is a housing, A, Fig. 31, held in position by two 
C-elamps. This support carries the gearing shown, which is driven 
from the head of the machine in the same way that the outer bearing 
is moved in the support which has been removed from the bed. 

This gearing drives the rotary table B by means of shaft C and 
the gearing is so proportioned as to turn the cam being cut in the 
correct relation to the milling cutter which is raised at the proper 
rate by the elevating screw of the regular spindle head. 

The method of cutting the blanks for the cams can be seen from 
the cylinder standing in front of the boring machine. This is turned 
303 
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and bored to the proper dimensions and is then cut up by drilling a 
series of holes so that one line makes a straight cut, while the next 
row of holes gives a very close approximation to the contour of the 
finished earn. The screw holes for fastening the cam in position on 
the machine are also drilled at the same time, so that the cam is 
completed, except for a few finishing touches, when it comes off the 
rotary table of the machine. 




Fig. 31.— Details of the work. 

While this is an unusual method of cutting cams for automatic 
machines, it has been found very satisfactory, and reflects credit on 
the ingenuity of those who devised it. 

CUTTING LARGE GEARS ON A HORIZONTAL BORING MACHINE 

While the horizontal boring machine is not particularly designed 
or recommended for cutting gears, Fig. 32 shows how the Lucas is 
utilized in handling quite a variety of gear work in the shop shown. 

The circular table, with its dividing head, was secured from the 
Brown & Sliarpe Manufacturing Co., and with it, gears and sprockets 
of various kinds are being cut as the necessity arises. The cast-steel 
spur gear shown in position on the table is 51 in. in outside diameter, 
and has a 7-in. face and li/j-in. circular pitch. It is also stated that 
both the bevel gears and sprocket wheels shown on the floor have 
been cut with this same device. In cutting the bevel gears, it was, 
of course, necessary to incline the circular tabic to the proper angle 
by means of suitable blocking between it and the regular table of the 
machine itself. 
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A NICE INDEXING JOB ON A BORING MACHINE 

The work shown in Pig. 33 is part of a special machine for incan- 
descent-lamp making and consists of what might be called a spoked 




Fig. 32. — Gears of various 



disk with 20 holes in the rim, as shown. 
not an essential to the device, hut wen 
skin and help relieve internal strains. 



The smaller holes inside are 
rough bored to remove the 







The outer holes are 2% inches in diameter, and their centers lie 
in about n 21-ineh circle. The metal is ly^ inches thick at the rim. 
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Boring 20 holes of this diameter, and having them all parallel, as 
well as uniformly spaced, is not an easy job on any boring machine. 

The first step was to find some good means of indexing the holes. 
For this purpose the index head of a Brown & Sharpe milling machine 
was bolted to the table of the boring machine so that the disk could 
be mounted on its spindle and swing clear of the edge, as shown. 

A boring bar with a fly cutter was put in the spindle, and an angle 
casting placed at the front of the table so the disk could be clamped 
rigidly after indexing. The side of the disk was, of course, faced 
to allow it to be clamped squarely before beginning the cut. For the 
roughing cuts, the disk was also clamped at the opposite or back side. 

There is very little explanation needed beyond this, as the illustra- 
tions show what a really simple job it is, after all, when you go about 




it in the right way. "While it is nut possible to do as accurate indexing 
with the indexing wheel so much smaller than the work, as in this 
case, it is interesting to note the accuracy obtained. The testing was 
done by measuring the walls left between the holes; after the seeond 
cut, there was only 0.007 inch difference between the thickest and 
the thinnest wall and this was reduced somewhat on the last cut. 



TOOL SETTER FOR BORING BARS 

The small tool shown in Fig. 34 is to the boring bar what the 
graduated dial and stops are to a grinder, lathe, shaper or miller. 
To obtain predetermined diameters in boring holes presents quite a 
different problem than on any of the above named machines, owing 
to the absence of devices for setting the tool. 
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Here we have a massive machine provided with powerful drives 
and with all the necessary speed and feed changes to rotate the cutting 
edge (the single-pointed cutter being under consideration), the quick 
and accurate setting of which largely determines the output of the 
machine, both as to quality and quantity. 

It takes much practice to set a tool accurately by tapping on the 
end, and it is necessarily only a cut-and-try method. If the tool has 
been forced out a trifle too far and a cut taken, say, y% in. deep, to 
admit of catipcring, the work will show a small shoulder, which looks 
quite bad. 

The body of the small tool shown is of rather light construction, 
which enables the operator to set the cutler accurately, as the slightest 
touch can readily be felt. It has also been demonstrated that, after 
the first hole is bored to the proper size, the setting can be taken 
and duplicated for the remaining holes, securing a nice plug-gage 
fit without the use of calipers or micrometers. 

The tool is of particular advantage in boring castings of the shape 
shown in Fig. :S5, in which the distance A makes the use of ordinary 
calipers too inconvenient, and also in small holes in which the space 
around the boring bar is not sufficient to admit the ends of the 
caliper legs. 

Referring to the detail drawing, Fig. 36, will be seen that the 
construction resembles the ordinary micrometer, the spindle having 
40 threads and the thimble 25 graduations. An extension is provided 
which can be unscrewed in case the cutter extends some distance out 
of the bar. 
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F10. 36.— Details of the gage. 



CHAPTER IV 

THE VERTICAL BORING MACHINE OR "MILL" 

The striking difference between the horizontal and vertical boring 
machines which is first noticed is that one has a horizontal and the 
other a vertical spindle. The radical difference in operation, however, 
is due to the fact that in the horizontal machine the tool revolves in 
or on stationary work. In the ease of the vertical machine, however, 
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Fig. 37. — Boring ami facing gear, 

the tools are stationary while the work revolves. One means of 
distinction in common use is to designate the horizontal boring 
machines as boring "machines" and the vertical machines as boring 
"mills." 

The vertical machine has a wide field of usefulness and is distinctly 
a manufacturing machine, but can also be used advantageously for 
work in small quantities. The horizontal face plate or table is very 
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convenient for chucking or otherwise holding the work for machining. 
Being horizontal it is very easy to place work on it and adjust it 
for machining, in contrast with the vertical face plate of the lathe. 
The work is revolved at suitable speeds and the tools used cither for 
turning or boring. 

Nearly all boring mills have two tool heads so that one can be 
boring at the same time the other is turning the outside. On some 
machines there is a third head at the side, much as in the case of the 
planer. This however has both vertical and horizontal movements 
so that it may be compared to the carriage of a lathe. These machines 




Facing flanges. 

. and examples of thei 



use will be 



are called vertical turret lathe 
shown later. 

Small machines are made with both one and two tool slides and 
with turret heads. On larger machines, over 42 inches, turret heads 
are not recommended us it is considered more economical to force each 
tool to its limit. Solid tool heads can stand more cutting stress than 
turret heads, as every joint allows some play. 



WORK ON A VERTICAL BORING MILL 

The following illustrations Figs. 37 to 53, of work being done on 
the vertical boring mill speak for themselves. In Fig. 37 the gear is 
held by the rim by a combination chuck. The left hand 
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head carries a tool for boring while the other tool faces the gear. 
The cutting speed must be governed by the tool on the largest diameter, 
and as the hole is done at the same time, it does not matter if the speed 
is less than might otherwise be used. 

An operation on a small ice machine base shown in Fig. 38. The 
base flange is' held to the table by three chuck jaws and straps are 
also provided to keep it from lifting. 

Figs. 39 and 40 show the use of multiple tools, the same tool post 




Fig. 39.— Rough and finiah tools in same bead. 



holds both rough and finish tools for surfacing. In Fig. 40 the other 
head is turning the outside of the flange at the same time. 

The next example Fig. 41 is from a railroad shop, this being an 
eccentric for a locomotive. The combination chuck is used, the jaws 
being so set as to bring the hole in the center. 

Fig. 42 shows the chuck with one jaw set out to accommodate 
the odd shaped piece, the easting resting on the first step to allow 
space for boring tool to pass through the cylinder. The other tool 
head, feeding independently, can face much of the surface during the 
boring operation. 

The next illustration, Fig. 43, shows a typical lathe job except 
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Fsc. 40.— Three tools at work. 




Fig. 41. — Boring anii facing locomotive eccentric. 
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Fic. 43. — Turning and boring a 



that it would not be as easy to turn and bore at the same time, owing 
to the overhang of the work without support. The horizontal table 




Flo. 44. — Another double tooled job. 
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makes it convenient to handle and chuck the work and there is no 
overhang. Another face plate job is shown in Fig. 44, the center tool 
facing the hub while the other tool faees the rest of the plate. 
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Fig. 40.— Boring and (whig cone pulley. 




Fig, 47. — Boring seat am] facing flange. 



Aii unusual piece is shown in Fig. 45 where the left hand tool 
faces the two outer portions and the two toots at the light, rough 




Fio. 43. — Supporting a large kettle, 

and finish the central huh. The work is held by clutch jaws and i 
screw-dog, which may he useful in other places. 
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Pig. 46 shows how special fixtures can be used on the boring mill 
table. After the cone pulley is faced and boxed, it can be reversed 
and turned on the boring mill if desired. In most cases, however, the 
turning would be done in a lathe. 

A job that is out of the ordinary is shown in Fig. 47. The left 
hand head is facing the top flange of the valve body while the other 
head faces the seat for the gate valve. Another unusual job can be 
seen in Fig. 48, utilizing both heads and the full size of the table. 




Fig. 50. — Using turret anil side 



An unusual job and one that would be difficult to hold on any 
type of horizontal machine is shown in Fig. 49. This is a large kettle 
with a rounded bottom, making it necessary to support the outer edges 
by screw jacks and to strap the cars down against these jacks. The 
chuck jaws support the bottom of the kettle. 

The machine shown in Fig. 50 is a vertical turret lathe or a boring 
mill with a side head. The flywheel is held on a special fixture which 
hooks over the arms. The tools in the turret drill, bore and ream 
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Fig. 51.— Turning mid lionng cross liparl. 



- 


|K**«l 


r 




Jar 



Fig. 52.— Fur boring a spherical hole. 
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the hole and also face the hub and sides. The side head turns the rim. 
The roller in side head turned up to the position of the turning tool, 
helps center the wheel in the fixture. Another job for this type of 
machine is shown in Fig. 51, this being a locomotive cross head. 

A fixture which is full of suggestions is shown in Fig. 52. The 
work, an odd shaped casting, fits over the stud A and is held by the 
clamps B and C. The boring bar D carries a swing cutter E, the 
back end being connected to the side head G by means of the bar F. 
The bar D is also guided at the bottom by the bushing H. 

With the casting in place, the bar D is run down into the bushing 
and the table started. Then the side head is fed up and the bar F 
swings the tool in the bar, boring a spherical hole. 
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A modern development of the boring mill is shown in diagram 
in Fig. 53. This is the six sides of a Billiard mult-au-matic unfolded 
so as to be all visible at once. The one at the left is a loading station, 
each of the other five performing as many portions of the operations 
as seem best for the work in hand. The first working head rough 
bores the inside and rough turns the outside. The second rough reams 
the inside, the third does the second reaming and again turns the 
outside. Still other operations are performed at station four, the 
finishing being done at the last station. 

These stations are arranged around a central column, the work 
spindles being carried in circular table which indexes automatically 
from one station to the next. 



CHAPTER V 
METHODS OF HOLDING WORK TO BE TURNED AND BORED 

A feature of boring- and turning-mill work which might well 
receive careful consideration is the various methods of holding and 
securing the work while in process of machining. Since we recognize 
in the boring mill a capacity for enlarged production due to increased 
power and tool steels,' proper allowance should be made for very 
liberal securing and driving devices. 

It is essential, to secure quantity of work as well as accuracy 
and finish, to have the job literally become part of the revolving 
mill table, whether chucked, bolted and clamped or a combination of 
both. The operator's attention is fairly well occupied with watching 
and sizing the rapidly finishing product and should not be confused 
with a feeling that the work may "unload" before finished. These 
holding and driving devices should permit of as great latitude of 
quick and easy adjustment as possible consistent with the minimum 
and maximum range of the machine. 

Paced surfaces must be parallel to one another and at right angles 
to the bore; the boring operations should be accurately concentric or 
eccentric, as the ease may be, with any turned surfaces. Likewise 
angular surfaces and taper boring can be accurately predetermined 
to give the desired results, while for taper thread cutting the vertical 
slide can be adjusted to produce faultless steam-tight joints that fit 
the full contact. 

CHUCKS AND THEIR USES 
"Where the machinery of a large quantity of pieces in duplicate 
is necessary, the combination chuck is very valuable. This chuck is 
especially suitable in railroad service, the maintaining of wheel 
work alone furnishing quite a variety of jobs, besides boring steel 
tires, turning wheel centers and making retaining rings. Fig. 54 
shows about the full capacity of the universal chuck, holding a steel- 
tire wheel to face off the cast-iron hub. The weight of this size job 
readily adjusts itself in a horizontal plane by resting naturally on 
a three-point bearing formed by the faces of the chuck jaws. 
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This insures the finished hub being parallel with the wheel flange 
and at right angles with the tread. This style of wheel is generally 
used in locomotive tracks where the hubs come in contact with the 
truck journal box. When in service for some time, these hub faces 
wear quite badly, sometimes requiring the application of false hub 
plates. In repair work the original hub is trued up and counter- 
bored or recessed to allow using these hub plates to maintain the 
proper thickness at wheel center. 

This chuck can be easily and quickly rearranged — by simply releas- 
ing two tap bolts in each jaw — withdrawing, reversing, replacing and 
securing jaws properly centered on the chuck slides. By using the 
center Indicator or table circle lines, keeping in mind the fact that 
the chuck slides were set true in holding the .last wheel, they should 
close Up on the hub plates quite accurately for the completion of 
the job. 

While the four-jaw independent chuck is not quite as bandy in 
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setting work to be accurately duplicated, il lias some excellent features. 
The fact that the points of adjustment are equally quartered is in 
itself a great advantage in setting any variety of work, since the 
amount of error in either two jaws is very readily ascertained by 
giving the table a half turn and then moving the opposite pair of 
jaws just half the difference the job runs out. 

Other good points arc that the chuck-jaw faces form good liberal 
parallel surfaces on which many styles of work arc readily leveled 
up; noting the two high points on a piece of material when first laid 
on the chucks, the "rock" can be readily taken up by the use of 
thin metal liners or shims where needed. Also the features of elevation 
or height of chucks from the table surface is very serviceable and 
the only means possible of advantageously holding many styles of 
work with lugs, offsets, projections, etc., which drop or can be let 
down below the top line of driving contact. Again, square or four- 
sided pieces are very securely held against any tendency to turn in 
the chuck. 



TURNING TRUCK CENTER CASTING 

A good example of this is seen in Figs. 55 and 56. First, turn 
up the flange and then face the hearing to fit in the engine-truck 
frame center casting. Then face off enough to true up the reverse 
side to form a hearing up against the under side of the cylinder 
saddle. 

The advantage of double-tool contact, four-sided positive drive and 
chuck-jaw elevation is here readily apparent ; as when the job is turned 
over, it naturally rests level on the first trued surface. 

In the second operation we get good results from the use of both 
heads, by first just truing up the four corners for about an inch; 
this cut is then given to the left-hand head. Now change the tool 
in the right head to face cut out (machine at rest); carefully lower 
vertical slide; note exactly where the pointer comes on the graduated 
scale fastened along the edge of the slide. This vertical scale is made 
of a fine grade of rolled brass, kept polished; the graduations and 
figures are black. Thus the easy and direct reading feature is readily 
apparent; the material was a suggestion of the Lufkin Rule Company, 
which made the scale. 

The depth of this cut is then transferred to the center of the 
casting by raising the right tool. Move the head to the central position 
again, and carefully lower the tool to the previously noted position 
on the vertical scale. Engage the tool in the cut to feed out and 
about midway of the machined surface; if the points have been care- 
fully changed, the cuts ought to match sufficiently accurately for this 
class of work. In any event the right tool should he the lower one, 
so that when the easting is bolted up to place, the outer corners and 
edges will bear all that is necessary. 

HOLDING DRIVING BOXES 
This work is facing flange lo thickness and boring out a locomotive 
driving box, and it is additionally secured by use of clamps across 
the diagonal corners on the lower flange. Thus the box will be held 
down firmly on a parallel chucking ring in Fig. 57. On this pattern 
of box such a device is doubly handy in making a base for the box 
to rest on, as the inside hub face, receding from the flanges, leaves 
no support on top of the chuck-base faces. The parallel ring is used 
in boring all driver boxes, as it permits the boring bar to pass down 
clear of the bottom cut. Then, too, as this is a rather high-speed 
job, using this ring retains all the brass boring chips from flying off 
around the mill, diverting the chips down the hollow spindle into the 
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Fig. 58. — Details of driving box job. 
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foundation chip trough, while a good portion of the babhitt facing 
chips arc caught in the hopper hack of the tabic and fall into the 
removable chip pans; this is something of a time saver and metal- 
separating feature when the whole job is cleaned up to work a different 
kind of metal. 

In accurately setting the right tool to face the hub bearing to 
flange thickness (2% inches), lower the right tool just even with the 
under side of flange A, Fig. 58. Use a small scale as a straight edge 
to get the height correct. Note the relative position of the pointer 
on the vertical scale. Raise the slide an even 3 inches, lock in the 
friction vertical feed, use lightly the vertical slide lock on the saddle, 
then turn down the vertical feed 14 inch and set the saddle lock tight. 
This takes up any slackness at all points and leaves 2% inches, as 
at B. Try with calipers as the cut progresses; with a little care 
alterations arc seldom necessary, though when needed the scale is 
always firmly in place to indicate the exact change desired. 

On the faced hub, transfer points equivalent to the shoe and wedge 
faces CC; move the box crosswise to bring these points central with 
the bore; only permit the tool on the sizing cut to true up the brass 
in the crown, that this may be left as heavy in that point as possible. 

With a favorable pattern the brass journal fit and thin cellar 
flanges will be bored at the same time. To get proper journal clearance 
on the cellar flanges, use the same tool without moving it on the cross 
rail. First move the box out of center toward the crown '/„ 2 inch, 
bore the flange and return to original position until the tool barely 
scrapes the brass journal ; replace the tool and take a smooth, light, 
finish cut. 

FINISHING CYLINDER HEADS 

In locomotive maintenance the making of cylinder heads, both front 
and hack, furnishes quite an amount of work, and is advantageously 
handled on the boring and turning mill, with double-head tools on 
nearly all operations. 

Figs. 59 and 60 show successive steps in finishing a back cylinder 
head. 

THE TOOL OPERATIONS 

With Fig. 59, if the casting is very rough on the edges and corners, 
use a rather blunt facing tool as a "corner breaker" and knock off 
the roughest, so that the tool will have a clean edge to start on and 
hold up the cut. Having previously set calipers engage the right-hand 
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facing tool 1 at tlie corner of the flange and give a good lieavy chamfer, 
all that the head will require at the finish. Then use that as a vertical 
size cut to the left tool 2. Move the right tool to the corner of the 
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centerbore projection; chamfer heavy and start the cut on the top 
of the projection face just to sec how it trues up at 1.1. Withdraw 
same to dear the edge of the flange, drop down to line x with tool B 
to feed in. By this time tool 2 will have finished the edge of the 
flange; raise it up to the top edge of the projection. With 2A rough 




Fig. CO.— Finish 



down the counterbore fit. Tool B will about have faced into the 
joint; raise it up to resume and finish cut 1.4 again. When 2A is ready 
to remove, engage 2B. Rough off the joint; size down the projection 
and square out the corner. Finish a good smooth joint with square- 
nose tool 2C. 
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During these left changes, \A. will have about faced off the top. 
Speed up the machine; bore the piston hole and with tools 1C and ID 
square out in under the web for the gland. 

The head will now be ready to turn over, and the tool positions 
in the line sketch, Fig. 60, will suggest the manner of finishing the 
other side. 

The idea to be conveyed is that these successive steps, relative to 
a reasonable, accurate and economical production, to be effective, must 
result from an effort of willingness and judgment on the part of the 
operator and can be made a very profitable combination. 

The correct shapes and proper positions of tools are matters for 
careful study, as is also the cutting over as much surface as possible 
without frequent changing of tools. In the ease of the cylinder head, 
note that most facing cuts are on right head, and vertical cuts on the 
left side. 



CHAPTER VI 

BORING MILL FIXTURES 

The general appearance of the corner of the shop shown in Fig. 61 
will almost explain itself. Just to the left of the machine, is a made- 
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Fig. 01. — Cupboard for boring mill man. 

to-order combination mill cupboard and tool shelves, about 5 ft. high 
at back, 17 inches deep and 32 inches wide. 
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The lower portion makes good provision for the workman's clothes 
and personal effects. Th" first drawer is for his measuring tools of 
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FIG. 60. — Chuck pquipm 
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every kind. The upper drawer is a separate and suitable place for 
all drawings and data relative to the general class of work, and the 
open space above the drawers gives room for hammer, chisels, screw 
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wrenches, box of metal liners or shims, parallel blocks, etc. Next are 
two shallow shelves hardly an inch apart, a safe resting place for 
"set" calipers, large or small. 

Up to and including the top are four cutting-tool shelves, each 
receding a little. The lower ones are about 2 inches apart and give 
ample space for plenty of good standard-shape tools and many specials, 
used as certain jobs require. Thus with the cutting ends of the tools 
slightly exposed toward the operator, he can at a glance note their 




condition and with the loft band choose the shape best suited for 
the cut, while very naturally the right hand is used with the wrench 
in placing or removing tools from the machine tool posts. 

This arrangement economizes all the space, and for other purposes 
might well be termed an "all around" cupboard, since all the available 
space on all sides is utilized for some necessity. On the left-hand end 
is a 2x4-inch shelf, bolted firmly to the side, supports a set of smaller 
boring bars and a packing-ring gang tool. Under these is a space to 
hang hooks and links for hoist tackle. 
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In Pig. 62 is a set of "tri hooks," very useful for lifting all sizes 
of material passing over the outside of a flange or reversed, and pulling 
up from the inside of the rim. Fig. 63 shows this lifting a small 
cylinder head. Fig. 64 shows a cylinder-ring easting with hooks 
reversed in the lugs on the ring, only tap hooks into lugs freely enough 
to be moved and swung by hand. Fig. 65 shows the triple straight 
links as used to lengthen the chains around the driving-box flanges 
while at the top edge. The box chains are contracted and held by 
the "tri kink" to keep from slipping off the bevel corners. A separate 




Fms. 70-71. — Two uses of the tri-hook, 

air hoist should be used at each machine, and for adjustable features 
we find it very convenient to get hoisting rigs that will about let the 
material clear the table and yet pass under the cross-rail. This is 
especially true of chuck work where material must go pretty well 
to the center of the table and be let down inside the jaws. 



TABLE AND CHUCK EQUTPMEHT 
In Fig. 66 is a view of the table at close range, with a sample 
line of familiar fixtures on display. On top of the left jaw, to the 
rear, are the old reliable horse-shoe clamps of various sizes and a small 
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straight "toe" clamp on top. On the right jaw, to rear, resting on 
a wooden block, is a flat, deep, offset clamp; in the front, between 
both chucks, a very useful style of clamps made from thin i^-inch 
scrap ends of driving-spring steel plates about y 2 inch thick. They are 
light, and fit into many close places. 

In place of bolts for clamping work, excellent results are obtained 
from the use of small inverted "T" slip blocks sliding freely into 




Fig. 7£. — Boring truck axle housing. 

the table slots, into which they are neatly tapped as occasion requires. 
Seven-cighths-inch studs are used on all work. Fig 66 shows the 
construction. Notice that one hole is tapped near the end. This it 
done to let some very large work just overhang the edge of the tablt 
a very little. Along toward the right side of the table is a block 
projecting out of the slot. It is used, of course, only where clearance 
between housing and table will permit. 

Instead of a great variety of lengths of studs, use double -lengtl 
%-inch splice mils. They are very handy. 
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Suppose we have just finished boring out a 33-inch car wheel; 
and that an 18-inch cylinder head, 1*4 inches thick on the outside rim, 
is to be turned up and the gland bored out. Place a small center 
indicator in the center of table with a spindle y 2 inch round, body 
3 inches round with a flanged base that fits in the hole. In using 
the center spindle to set jaws, it is only necessary to deduct half the 
diameter of the total job. In this case all jaws would show 8% inches 
or, if more convenient, cut out a little notch in the spindle down 
just to the center, keeping this notch always turned toward the jaw 
to be set, and make all 9 inches to center. 




Fig. 73,— Mult i pi. 



facing spriEg shackles. 



A 3-ft. 4-fold rule is very convenient about a boring mill, as a 
great portion of the work exceeds 2 ft. and in making different calcula- 
tions the 3-ft. rule is very handy. 

Generally the chuck jaws are bolted to the table about 2 inches 
from the outside edge, and are seldom entirely removed from table. 
In some face-plate work not suited to a chuck, the work is laid right 
on top of the chuck after the jaws are removed. They are all parallel, 
and the labor of removing them is saved. When a chucking job is 
smaller than the inside ends of the chucks, use a parallel ring laid 
flat on the table and, if the job requires, use parallel strips on top of 



this to give proper height for chuck-jaw contact ; also to bridge over 
from the ring to the face of the jaws until properly set and secured. 
Thus for different weights and sizes of jobs as much chuck contact 
can be given as needed. In Fig. 66 the longer parallel strips are 
used only on some lighter work where the cut is liable to depress 
the work in facing off ; otherwise small pieces of cylinder packing rings 
make excellent strips and can be made of various thicknesses to suit. 




-Reinforcing ring for chuck. 



In Fig. 67 is an eccentric turning jig, set up in the same manner 
with about 1 inch contact ; it is further secured from any vertical 
lifting effect by screwing up the chuck jaws and by the steel offset toe 
clamp, bolting them down to the strips, ring and table. Also in this 
same figure, under the right-hand feed box, can be seen a handy 
partitioned rack for studs, clamps, etc. 

The brake may be applied by the right hand at the lever handle 
appearing in front of the right housing, which extends to the inside 
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of the cone-drive pulley. Or a foot brake is further applied by pressing 
down on the small projecting iron pipe lever just appearing from 
the base of the machine at the left. It runs across the front of the 
machine and pulls down on the ^4-inch iron rod seen just in front of 
the right feed box. flood stopping devices are as essential as the 
power. 

In this blocking up, parallel but sliding taper wedge blocks are 
used, making it very secure and keeping the work from crowding 
down in the chuck. 

Pig. 68 is another view of a hoisting feature which is very con- 
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Fig, 75. — Holding ring i 



venient when core holes are allowed. A bent hook stud is used with 
a large washer and an inch nut run on from the bottom. It is effective 
and quickly applied. 

The usefulness of the "tri" hook cannot he fully appreciated until 
tried. Fig. 69 shows all dimensions. It can be used in many places 
and on practically all hoisting work. 

Pigs. 70 and 71 show two applications of hoisting hooks, the latter 
a very neat scheme for handling work with a hole through it. This 
consists of two or three links as needed, which are dropped through 
the hole and the lower one turned across the opening to act as a bar. 
It has the advantage of not being lost or mislaid, as a wrench or other 
separate piece might be. 



THREE MOTOR TRUCK JOBS 

Three interesting boring mill jobs from a leading motor truck Bhop 
are shown in Pigs. 72 and 74. The rear axle housing shown in Fig. 72 
is held in V blocks A and B and clamped with straps C and D. The 
whole fixture is mounted on the base plate E which is bolted to the 
boring mill table. This is a Bullard vertical turret and shows the 
use of the turret tools and also of the tool in the side carriage. 

Another interesting, hut entirely different job, is the turning or 
facing of the spring shackles in Fig. 73. Those arc first bored to fit 
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the studs mounted on the base A. The studs expand into the hole 
and prevent any lifting tendency due to the rake of the cutting tool. 
The wedges D force the lower ears against the stops E. The studs 
also hold the shackles square with the tabic and insure the sides being 
at right angles to the holes. 

The holding device shown in Fig. 74 is particularly suggestive and 
can be applied to many eases where heavy work is to he held. This 
is the steering knuckle of a heavy truck, the stub axle end being 
centered and held at A, while the screw B takes care of the other 
end. The three jaws, C, D and E center the forging for the spindle 
bore. These jaws can he given a powerful grip by means of the set 
screws G in the reinforcing ring F. This supports the jaws and 
effectually prevents the spring which would be inevitable without the 
supporting ring. 
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The finishing of a steel ring is shown in Figs. 75 and 76. Fig. 75 
shows the first operation in which the ring is held on the inside while 
being faced and turned on the outside. Fig. 76 shows the same ring 
clamped by the outside while the inside is being bored and faced. 

The methods of clamping are shown in both cases. 




Another form of work, which includes boring and turning, is shown 
in Fig. 77. Here the hub is being bored and the outside turned with 
a hook tool. The rim is being turned on each side by the straddle 
tool which also carries a form tool for finishing the rim and rounding 
the corners. The method of holding is also of interest. 
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parts of, 78, 79 
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